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Abstract 
The creation of a Living Learning Community within WPI freshmen residence halls would 
improve the first-year experience and prepare students for WPI’s unique project-based 
curriculum. The goal of this project was to design a LEED-Certified residence hall to replace 
Stoddard Complex, with an architectural design that promotes interaction through designated 
space for group collaboration. The project includes site layout plans, structural calculations, a 
project budget, and a construction schedule with the goal to be completed over one academic 
summer.  
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Capstone Design Statement 
This project focused on developing a design to replace the existing Stoddard Complex 
residence hall on the WPI campus. Recently the room occupancy in Stoddard Complex was 
increased from two first-year students to three. Increasing the overall occupancy required 
bathroom renovations which reduced common room space. Due to these renovations, there is 
currently an inadequate amount of common room and amenity space, which limits students' 
social and academic collaboration and the first year residential experience. The proposed 
design included social and study spaces to promote a Living Learning Community in this new 
residence hall.  
The approach to this project consisted of five phases: determining the site layout and 
building volume, developing architectural floor plans, developing structural design schemes, 
creating a construction schedule with an overall cost analysis, and certifying the building 
through LEED. The first step to designing the site layout was quantifying the space needs and 
forming preliminary building ideas; this also included gathering information from the existing 
site. Consideration was given to surrounding properties and a design that maintained positive 
neighbor relations through setbacks and landscaping. The main goal of the proposed building 
footprint was to use the available land more efficiently.  
The architectural plans created a Living Learning Community by efficiently using the site 
layout. A larger building footprint would result in more space for building elements that would 
further enhance the first-year experience for residents. The preliminary spaces and building 
design were developed into floor plans, including living, social, and study areas for students. 
Once the architectural plans were developed, work began on the design of the structural 
system. The first aspect of the structural design compared different methods and materials of 
construction. The scope of this project included creating structural design schemes that 
specified the placement and sizing of structural members.  
A construction schedule and budget were developed which clearly defined the 
construction activities and their corresponding durations. The goal time-frame of one academic 
summer was outlined by this schedule. Research was done on past projects and case studies 
with similar design elements to estimate productivity rates and time-frames of construction. 
This research also included information about design aspects outside of the scope of work for 
this investigation, such as certain systems that aided in achieving LEED Certification. 
Additionally, a budget for the entire project displayed a breakdown of costs using CSI Uniformat 
and RS Means Cost Data. Throughout all of the aforementioned phases, cost comparisons were 
performed to develop a cost analysis and establish a cost effective design. Factors in this 
analysis included construction cost, operation and maintenance cost, and potential revenue for 
WPI.  
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The following realistic constraints were addressed in this project: economic, 
environmental, sustainability, constructability, social, health and safety, ethical, and 
professional licensure. 
This project considered how to create a building design that was economically feasible. 
Total cost guidelines were established through investigating the cost of similar projects. A cost 
analysis of the new design was created using a mix of unit price, assembly, square foot cost, 
and order of magnitude estimates for different elements of the building. This was done to 
determine a total estimated cost for this project.  
Environmental implications of the project include possible degradation of the site, 
pollution, waste, and water runoff. These problems were considered in the design and primarily 
addressed in the planned construction phase. The construction strategies included means to 
reduce the impact on the environment. The proposed site layout considered the amount of 
cut/fill and impervious surfaces the design would require. Additional research was done in 
determining how materials could be reused onsite or recycled locally.  
Sustainability is a crucial part and a key design challenge of all modern buildings. 
Methods to increase the service life of the building and to reduce the long-term effects on the 
environment were researched. The evaluation of structural materials considered factors such as 
embodied carbon, and the building design considered ways of making the space flexible and 
adaptable to future needs. Additionally, aspects of LEED Certification were incorporated into 
the design and others were identified for inclusion in the building.   
Constructability was a major design challenge of this project. The feasibility of this 
project depended on the ability for construction to be completed in one academic summer. As 
a result different construction methods were investigated to meet this deadline. This design 
used precast concrete components to streamline the construction process and meet the project 
schedule.   
Socially, this project looked at ways to use space to enhance the first-year experience 
and add value to the WPI community. The design focused on created a Living Learning 
Community which included various forms of communal and study space. Architectural 
Programming was done to identify space needs and effective layouts.  
Health and Safety requirements were addressed by adhering to the requirements of the 
International Building Code and Worcester Zoning Ordinances. The design incorporated all the 
required regulations such as means of egress distances and corridor widths. Additionally, the 
design took into consideration student security and access to recreational facilities.   
Ethical implication related to obtaining the original site layouts of the existing Stoddard 
Complex from the WPI Facilities office. Obtaining this information required compliance with the 
department’s non-disclosure agreement. This agreement stated that the original site layouts 
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were solely meant to support the research of the MQP. The layout files could not be included or 
attached directly to this report. 
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Professional Licensure Statement 
Professional Engineering (PE) licensure is a symbol of competence and an assurance of 
quality for the engineering profession. It is the mark of a professional and is recognized by 
employers and clients. It shows employers that you are at the top of your profession, and you 
are a competent professional. Licensure lets clients know that you have the credentials and 
ability to take on a higher level of responsibility, and it gives them a sense of trust in your work. 
Licensed engineers are the only ones who can prepare, sign, seal, and submit engineering plans 
and drawings.  
Becoming a licensed PE is a difficult task to achieve which requires a number of steps. 
First, you must graduate from an ABET-accredited engineering program and pass the 
Fundamentals of Engineering Exam (FE) to become an Engineer-in-Training (EIT). After 
becoming an EIT, the next focus is on gaining professional experience in the engineering 
industry. Requirements vary by state, but most require at least four years of engineering 
experience working under the supervision of a PE. The work completed during this time must 
be compiled in a portfolio for submission to achieve PE licensure. The final step in order to 
become a licensed PE is to pass the Professional Engineering Exam. 
 To an engineer, achieving PE licensure is a mark of his/her qualification and dedication, 
rewarded with the highest achievement in the engineering industry. Upon becoming a licensed 
engineer, one must accept the ethical responsibilities that come along this title. The main 
responsibility of every licensed engineer is to maintain the public’s health and welfare in every 
project they approve. This is essential for the public to assume their daily lives with trust that 
every structure they encounter was designed and approved by a PE. This is also essential to the 
engineering industry itself. All engineers must adhere to these ethical responsibilities, keeping 
the profession honest and safe, allowing engineers to serve the public to the best of their 
ability. 
 This project involves the design of a residence hall, which will house over 400 students. 
If this project is implemented, the structural plans and calculations would need to be approved 
by a PE and stamped with a seal of approval. This PE approval ensures that the building is 
designed in compliance with all codes and regulations. These codes were created to maintain 
safety; therefore, non-compliance with these codes is not only negligent, but also increases the 
likelihood for a structural failure that would result in public injuries or fatalities. Since our 
project is a residential building for many students, they must be provided with a safe 
environment, which can only be assured once a PE has approved the plans and calculations. 
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Chapter 1: Introduction 
Stoddard Complex is a freshman residence hall on the Worcester Polytechnic Institute 
(WPI) campus. It is comprised of three separate buildings that lack the amenities of other 
freshman residence halls and underutilize the available land. This project investigated a LEED-
Certified redesign to improve the Stoddard Complex by creating a Living Learning Community 
that takes full advantage of the site to meet the growing needs of the university. The current 
Stoddard Complex site presented the greatest opportunity for redesign based on the site’s 
potential for expansion and its proximity to other freshman housing.  
A Living Learning Community (LLC) is a type of housing that gives students a unique, 
inclusive residential experience that connects learning with residential life. Students have the 
benefit of living among a group of other students who have overlapping coursework and share 
academic goals and interests. LLCs complement classroom experiences and allow students to 
become better prepared to succeed during and beyond college (Kuh & Zhao, 2004). Each 
university has a different approach to LLCs; most include a combination of residential rooms, 
classrooms, office space, large group study space, and/or small, quiet group study space all 
located within the residence hall.  
During the 2014-2015 academic year, Stoddard Complex housed 243 students, while for 
the previous five years it only housed 171 students. This increase was due to larger freshman 
class sizes at WPI. With this increase in occupancy, the bathrooms of these buildings were 
expanded at the expense of common room space. These areas are no longer adequate for the 
increased number of students and limit students' social and educational experiences.  
The primary reason Stoddard was chosen for redesign was because it offers WPI great 
potential for new design opportunities. The current design only utilizes 30% of the site, whereas 
a new design could more effectively use this space to provide a better first-year experience 
(Dunaj & Ruksznis, 2008). Efficiently using campus space is an opportunity to provide more on-
campus housing. The project also aimed to help WPI increase the percentage of students living 
on-campus. In an interview with Emily Balcom, Director of WPI Residential Services, she 
referenced the future housing goals of WPI; she stated that Laurie Leshin, President of WPI, 
identified WPI's goal to increase the student population living in on-campus housing from the 
current 63% to 70% in the near future (personal communication, September 23, 2015). The 
proposed design incorporates an increase in the occupancy of the building and provides more 
on-campus housing space. Therefore, the percentage of students living on campus has the 
potential to increase.  
Additional reasons for focusing on Stoddard included a lack of amenities. Stoddard 
currently does not have laundry facilities, requiring students to carry their laundry to another 
building. In addition, the current Stoddard Complex is not handicap accessible and lacks an 
elevator. The proposed design includes several features that will enhance the experience of 
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residents. These added features were achieved through a LEED-Certified design that provides 
the required spaces for a Living Learning Community.  
This project examined the total budgets of recently built WPI Residence Halls and used 
this information to create a total project budget for the Stoddard Complex Redesign. Stoddard 
Complex is a residential building, therefore construction must be completed while students are 
not living in the building, preferably over WPI’s summer break. Due to this time constraint, the 
project schedule was planned to be completed over one academic summer, in order to avoid 
displacing residential students. The major social goal was to create an LLC within the residence 
hall, and this factored into the architectural and structural plans in order to design a building 
that will foster an LLC environment. Ultimately, this project strived to meet WPI’s goals for 
future housing needs, while overcoming economic, scheduling, and design constraints. 
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Chapter 2: Background 
 The goal of this project was to design a residence hall to replace the existing Stoddard 
Complex to improve the first-year experience for WPI students. The project focused on 
methods to efficiently utilize the site and design a building that will create a Living Learning 
Community. This chapter addresses background information that contributed to the 
development and completion of the project. 
2.1: WPI Unique Programs and Curriculum 
 WPI has a unique project-based curriculum which focuses on group projects and 
academic collaboration among students. This project aimed to create a building design that 
would aid first-year students in their adjustment to the WPI curriculum.  
 A major component of WPI's curriculum is the motto “Lehr and Kunst”, which in Latin 
means “Theory and Practice”. This motto has led to WPI’s “Project-Based Learning”, in which a 
major component of each student's graduation requirements are group academic projects. 
Currently, students are required to complete three projects: a Humanities and Arts Project 
during sophomore year, an Interactive Qualifying Project (IQP) during junior year, and a Major 
Qualifying Project (MQP) during senior year. Although a project is not required during freshmen 
year, there are a number of different sections of the Great Problems Seminar (GPS) offered for 
first-year students.  
These GPS classes require a group of four to five students to spend a semester 
collaborating on a project with real-world impact. At the end of the semester, each group 
submits a final report, creates a poster, and gives a presentation. These GPS requirements are 
similar to the requirements of an IQP or MQP. It has been theorized that students who take a 
GPS class during their freshman year are more prepared for IQP and MQP, and GPS classes 
could potentially become a requirement for each student during his/her freshmen year 
(Heinricher, Savilonis, Spanagel, Traver, & Wobbe, 2008). These GPS classes require group 
collaboration outside of regular class time. Making GPS a requirement for all freshmen students 
would increase the demand for group study space, and creating this group study space within 
the freshmen residence halls would alleviate the demand. 
WPI is a university that specializes in Science, Technology, Engineering, and Math 
(STEM), and last year, 82% of its undergraduate students were enrolled in STEM majors. These 
majors have most of the same general, first-year requirements; for example, almost all first-
year students enroll in Calculus, Physics, and/or Chemistry in their first semester. Due to a high 
number of first-year students enrolled in the same courses, there is an opportunity within the 
freshmen residence halls for collaboration on homework and studying for exams.  
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2.2: Living Learning Community 
 A Living Learning Community (LLC) is defined as a residential clustering of students who 
share academic, social, or cultural interests (Becker College, 2014). Case studies at different 
colleges and universities have attempted to determine the effectiveness of LLCs in residence 
halls. The social impacts and benefits that have been discovered are numerous, and all appear 
to have a positive impact on the first-year student experience (Stassen, 2003). 
 The creation of a LLC would allow students to make connections outside of the 
classroom and continue learning in their residence hall. Students with similar coursework or 
academic majors would all be residentially located on the same floor. This would allow for 
students to easily form study groups in the study space located on their residential floor, 
creating a support network within the residential hall. Having these students in one place also 
facilitates academic assistance from graduate assistants or faculty members by housing 
programs for the floor or holding study sessions within the residence hall for all students to 
attend (University at Albany, 2014). 
 In addition to the academic advantages of a LLC, it also provides a place to interact with 
other students who share in a common academic goal or interest. It creates an environment to 
form personal relationships with those who may usually only have professional relationships. It 
would allow for social activities and evening programs related to these areas of academic 
interest to be held within their own residence hall. LLCs have been shown to increase overall 
retention rates, academic performance, and student satisfaction (Becker College, 2014). 
 Numerous colleges and universities have created LLCs in their residence halls, and many 
use their websites to explain the benefits of this residential style. In addition to college claims, 
there have also been a number of case studies to examine LLCs. In 2003, the Journal of College 
Student Development published an article examining the outcomes of Living-Learning Programs 
(Inkelas & Weisman, 2003). This report concluded the following:  
 
“Students in living-learning programs were more likely to persist, 
exhibit stronger academic achievement, interact with faculty, and 
engage in a more intellectual residence hall atmosphere than 
students in conventional residence halls.” 
 
“Other studies have shown positive outcome levels of 
involvement and interaction with faculty and peers, integration, 
learning, intellectual development, and institutional 
commitment.” 
 
A second case study published in 2003 by the Research in Higher Education Journal also 
cited that there is compelling evidence that LLCs provide a number of benefits to students 
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(Stassen, 2003). The article also encouraged campus leaders to acknowledge this evidence and 
work towards creating LLCs in order to improve the student experience on their campus 
(Stassen, 2003). 
 Due to the unique and challenging project-based curriculum of WPI, the creation of a 
LLC could provide many additional benefits to students. LLCs could be grouped by enrollment in 
different sections of GPS classes, enhancing relationships outside of the classroom. It would 
provide easy access to study groups, create a peer network, and establish a place for groups to 
collaborate and work as a team, which is essential to the WPI curriculum. Offices for GPS 
professors and graduate assistants could be located within the LLC, providing easy access for 
students to obtain academic support. By designing classrooms within the LLC, GPS classes could 
be held in the students’ residence hall. These communities could also provide meeting rooms, 
group study areas, and large common room areas to promote collaboration and the formation 
of personal relationships among students at WPI. The benefits of LLCs have been 
demonstrated, and their implementation at WPI would further enhance the first-year student 
experience. 
2.3: Existing Stoddard Complex 
In this project, several potential areas for improvement were identified in the existing 
Stoddard Complex. Stoddard Complex should be the focus of a residence hall redesign project 
due to the fact that it has the greatest opportunity for improvement. Additionally, the existing 
Stoddard Complex currently lacks a number of amenities, such as laundry facilities and 
elevators/handicap access, which could be incorporated into the redesigned building. 
 During the 2013-2014 academic school year, there were 57 students living in each of the 
three Stoddard Complex buildings, for a total of 171 students. For the 2014-2015 academic 
school year, the residency of each building was increased due to a larger incoming class. This 
year there were 81 students in each of the three buildings, for a total of 243 living in Stoddard 
Complex. Due to the increased residency, renovations were required on the bathrooms in order 
to meet the requirements of the International Building Code. These renovations increased the 
size of the bathrooms, however reduced the size of the common rooms. In order to create a 
LLC, common rooms should provide ample space for collaboration, making this an area for 
improvement of the existing Stoddard Complex. 
Stoddard Complex is made up of three separate buildings. These buildings are arranged 
in a U-shape, with a small grass area and brick pathways connecting the separate buildings. 
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Figure 1: Existing Stoddard Complex 
 The other main reason Stoddard Complex was chosen as the site for a residence hall 
redesign project was due to the layout of the buildings. Currently, the complex only utilizes 30% 
of the plot of land. This is an inefficient use of space, and a redesigned building could utilize the 
available land more efficiently. WPI is quickly expanding, and there is an increased need for 
more on-campus housing space. This project focused on maximizing the use of the land in order 
to provide more on-campus residential space for students. 
 In 2014, WPI President Laurie Leshin stated that her goal in the near future is to have 
70% of Undergraduate Students living on-campus. Currently, only 63% of students live on-
campus. Achieving this goal would require a residence hall redesign in order to create more on-
campus residential space. 
2.4: Architectural Programming 
Architectural Programming is the research and decision-making process that identifies 
the scope of work being defined. This emphasis placed on gathering and analyzing information 
early in the process assures that the design is based upon sound, well-researched information. 
Therefore, there is less room for error and less chance of having to redesign elements, making 
the design process more efficient. As shown in Figure 2 below, the most cost-effective time to 
make changes to a project is during the programming phase (Cherry & Petronis, 2009).  
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Figure 2: Project Changes Timeline (Cherry & Petronis, 2009) 
 Architectural Programming is a six step process that guides the architect through the 
building design process (Cherry & Petronis, 2009). The six steps are shown in the following flow-
diagram, Figure 3. 
  
Figure 3: Six Steps of Architectural Programming (Cherry & Petronis, 2009) 
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The six steps provide a comprehensive approach to creating a building design. The first 
step involves research about the general project type, including standards, codes, and 
regulatory requirements that affect the design process. This section identifies the dimensions 
for necessary accommodations as well as average sizes of furnishings and common spaces that 
will be incorporated in the residence hall design. 
The second step involves establishing the overall goals and objectives for this design.  
The building will be a Living Learning Community; therefore this section will identify the needed 
space allocations and rationale behind each to achieve this type of environment. This section 
also presents the economic goals and an overall estimated project budget. 
The third section involves gathering information regarding the function of this building 
as a LLC for the WPI Community. This section identifies what usual spaces are included in LLCs 
to help analyze which would be most beneficial to include in the design. It summarizes different 
space allocations for the users of the building, how many users per space, and the necessary 
equipment for these spaces. This research will ensure that the purpose of these spaces aligns 
with the goals and objectives of the building.  
The fourth section with involve identifying layout strategies for each floor of the 
building. Bubble diagrams will be utilized to help develop these strategies and map the flow of 
the building.  This will also help to develop emergency exit routes as well as solve any possible 
safety concerns including restricted access to residential areas. 
The fifth section determines the quantitative requirements for each space. This section 
identifies the different methods used for establishing quantitative decisions. Also included will 
be the reasoning behind each decision based on the research from the previous Architectural 
Programming sections. Lastly, the final dimensions and quantity of the each room within the 
building can be identified.   
The final step is a summary of the research completed in the initial five steps of the 
Architectural Programming, presented in an operational format. With the completion of this 
section, the site design, architectural layout, and structural design can begin. 
2.5: Structural Design 
 A major component of the building design was the structural analysis. The structural 
design considered four main components: gravity loads, laterals, connections and foundation 
design.  
Precast concrete was determined to be the most effective structural material for this 
project, as shown in Chapter 6. Precast concrete is poured into forms offsite at a plant and the 
pieces are then shipped to the construction site and erected. This allows for faster erection 
than cast-in-place concrete which takes days to cure on site. There are many standard precast 
components used in construction; for example, double-T beams or hollow core planks are often 
used to create floor spans. There are various types of precast beams such as inverted-T and L-
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beams that collect loads and transfer them to the vertical load bearing structure. Precast wall 
panels and columns can be used to support the vertical loads of a building. 
Precast concrete members are produced using molds at a fabrication plant. This allows 
more control over the curing process as well as time savings during construction. However, if 
there is a lot of variation in piece sizes for a project, many molds have to be prepared which can 
increase the cost. As a result, precast design often uses repetition of standard pieces in the 
design to reduce fabrication costs. Additional consideration has to be given to transporting the 
pieces to the construction site; pieces need to be able to fit on standard truck beds.  
Precast, like all concrete, is strong in compression and relatively weak in tension. 
Cracking will occur in areas of high stress or deflection.  Steel reinforcement is used to carry 
tension forces and reduce cracking. An additional strategy is to use a method of pre-stressing. 
Pre-stressed concrete uses steel cords to create a compression stress in the concrete member. 
Pre-stressing can decease cracking and deflects and allow for greater spans. The Precast/Pre-
stressed Concrete Institute (PCI) and the American Concrete Institute (ACI) outline design 
requirements and guides for precast and pre-stressed concrete design.  
 This project used a combined load bearing/intermediate shear wall structural system. A 
bearing wall system is primarily suited for buildings with lower heights and shorter spans. The 
walls are used to support the gravity loads of the building. Typically floor slabs span between 
the bearing walls, reducing the number of beams needed and potentially leading to a more 
economical design. The major limitations include limited building heights and smaller floor 
areas, due to thicker walls. Additionally, window and door openings are limited since the wall is 
supporting the structure. Additional reinforcing may be needed around openings to strengthen 
these sections. The exterior walls are also used as shear walls, which resist the lateral forces 
acting on the building.    
 The gravity load analysis consists of designing the beams, girders, and columns to resist 
vertical loads. Live loads, dead loads, and snow loads were included in the gravity load analysis 
based on standard values in ASCE 7-10. This project used double-T beams and hollow core 
planks to form the floor and roof slabs. They directly support the dead, live, and snow loads of 
each floor and typically span between the bearing walls. L-beams are used to collect the forces 
from the beams where they are unable to span between walls. Load bearing walls along the 
outside of the structure were used to transport the loads down to the foundation.  
 The lateral load bearing system resists the forces due to the wind and seismic forces 
outlined in the Massachusetts Building Code. There are two lateral load resisting systems, 
braced systems, and rigid frames. This design used a braced system, using exterior shear walls 
to resist the lateral loads. A diaphragms connects the walls together and allows them to act 
together to resist the loads. The lateral forces also introduce moments into the bearing walls 
which had to be accounted for in their design.  
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 The components of the structural system have to be connected to effectively transfer 
loads through each member. This project identified the types of connections that would be 
used for the members of the gravity and lateral load systems. Connections are typically made 
by steel rods or plates that tie two members together. 
 Foundations are the final aspect of the structural design, and this project will use a cast-
in-place concrete foundation system. The foundation transfers the buildings loads to the soil. 
Shallow and deep foundations are the two general types of foundations. The type of foundation 
used depends on the loads and the soil strength. The bearing capacity of the soil needs to be 
greater than the bearing pressure of the structure. Additionally, the foundation has to limit the 
buildings settlement to prevent cracking and other serviceability issues. 
2.6: Construction Scheduling  
  The time-frame goal of the project was completion over one academic summer. Based 
on a typical WPI undergraduate calendar, the length of one academic summer was assumed. 
Classes end in early May and begin in late August. Consideration was also made to include time 
for students to move in and out of the residence halls. Using this information, an academic 
summer at WPI was found to be 77 working days, meaning Monday through Friday. With the 
addition of Saturday as a working day, the academic summer would consist of 93 working days. 
Completing the project in the shortest time-frame was the goal, while 93 days was the 
maximum allowable duration of the project. 
 Time of construction was an important factor to consider in the design of all building 
elements. Exploring materials that could be fabricated offsite reduced the overall construction 
schedule. Another method to reduce the duration of construction was to use a fast-tracking 
method of construction. This method overlapped the construction of certain activities and sub-
activities, allowing more work to be completed within a given time frame. 
 The construction of East Hall, a WPI residence hall completed in 2008, was completed in 
18 months. Faraday Hall, another WPI residence hall completed in 2013, was built over the 
course of 13 months. These buildings are similar in size to the proposed Stoddard Residence 
Hall, and they are also LEED Certified. In order to complete the proposed building in a fraction 
of the time, specific construction scheduling methods were explored for use in the project. 
2.7: Cost Estimation Methods 
 Cost estimating is a necessary step in the economic evaluation of a capital investment. 
In order to be considered a profitable investment, the estimated benefits must outweigh the 
estimated costs (Newnan, Lavelle, & Eschenbach, 2013). The accuracy of an engineering 
estimate depends on the type of estimate used. More accurate estimates incur a higher cost 
and are more time-consuming to prepare; the less accurate estimates have a lower cost and are 
less time-consuming. Therefore, choosing an estimate is a cost/time versus accuracy trade-off 
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(Newnan et al., 2013). There are four main techniques used in cost estimation, summarized 
below. 
A unit price estimate is the most accurate type of estimation; however, it is a lengthy and 
costly process. This estimation considers all material, equipment, and labor required for the 
entire construction process. It requires a quantity take-off, in which each unit item is matched 
to a specific quantity and the price of each unit item is multiplied by the estimated quantity. 
The estimate conforms to the 16 CSI MasterFormat Divisions which is used to classify the type 
of construction work. 
An assemblies estimate is used in the planning or initial design phase of a building. It 
considers each separate part of a building and associates a price with each part. Each of these 
separate building parts is classified according to the order of construction, UNIFORMAT II 
Divisions. This method is used to make tradeoffs during the design phase, to choose parts of a 
building with lower costs than others. 
A square foot cost estimate is used very early in the project process, before the design 
even begins. Due to this, it is one of the less accurate methods, but the process is quick and 
easy to apply. The estimate is based on the following information: building type, owner, 
location, size, and inflation. Square foot costs are derived from past projects, and cubic foot 
costs are used when the floor-to-floor height deviates from the average. This type of estimate 
only considers building cost; it does not include furnishings, equipment, or specialties. 
An order of magnitude estimate is the quickest, easiest, and least cost method of 
estimation. It is the most preliminary type of estimate, considered an “educated guess”. This 
estimation is completed before the project characteristics have even been defined. This type of 
estimate refers to the “usable units” of a facility, for example, the number of beds in a hospital 
or the number of parking spaces in a garage. There is an associated cost for each “usable unit”, 
and this is used to estimate the total cost of the building. 
These different types of estimation are used by different parties in construction projects. 
Architects and Engineers use less accurate estimates because at the stage of their involvement, 
projects are in the design phase, and have limited access to the construction cost data 
necessary to prepare an accurate estimate. General Contractors and Subcontractors become 
involved in a project once the final details and quantities are established, and they have 
responsibility for defining the means and methods for construction. Due to this, they are able 
to perform more accurate and detailed unit price cost estimates, usually though a quantity 
take-off method, because all of this information is readily available to them. In this project, a 
number of different cost estimates were utilized because this project encompassed elements of 
design and construction, as well as elements outside of the scope of work. 
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2.8: LEED Certification 
 According to the U.S. Department of Energy, in 2013, buildings used about 50% of the 
energy in the United States, at a cost of over $400 billion (U.S. Department of Energy, 2014). 
Buildings also account for a large percentage of emissions such as sulfur dioxide, nitrous oxide, 
particulates, and carbon dioxide (Cannon Design, 2010). In order to combat the high energy use 
and the negative environmental impacts of buildings, green building construction methods 
have gained momentum in recent years. Green building, a sustainable approach to building 
design and construction, is becoming standard practice in the United States, having grown from 
2% of the market in 2005 to 44% in 2012 (McGraw Hill Construction, 2013). 
In 2007, WPI’s Board of Trustees stated that all new buildings on WPI’s campus be 
designed to meet Leadership in Energy & Environmental Design (LEED) Certification (Worcester 
Polytechnic Institute, 2012). WPI is committed to becoming a sustainability leader and currently 
has four LEED-Certified buildings on campus. These buildings are listed below along with the 
year they were constructed and their level of certification. 
- Bartlett Center, 2006, LEED-Certified 
- East Hall, 2008, LEED Gold 
- Sports and Recreation Center, 2012, LEED Gold 
- Faraday Hall, 2013, LEED Silver 
Leadership in Energy & Environmental Design (LEED) Certification is one of the most 
successful and well-known methods for creating more sustainable buildings. LEED Certification 
is an internationally recognized green building certification system (Boston University, 2014). 
This certification provides verification that a building was designed and built using strategies 
aimed at improving performance and promoting sustainability. There are a number of different 
areas of focus within the certification, such as energy savings, water efficiency, carbon dioxide 
emissions, indoor environmental quality, and the use of resources and reducing their impact on 
the environment (Boston University, 2014). 
LEED Certification is achieved by creating a building that includes different pre-approved 
LEED methods, each of which is associated with a point value. There are four levels of 
certification, based on the total number of points achieved, depicted in the figure below (U.S. 
Green Building Council, 2014). 
 
Figure 4: Levels of LEED Certification 
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LEED points can be achieved in five major categories: Sustainable Sites, Water Efficiency, 
Energy and Atmosphere, Materials and Resources, and Indoor Environmental Quality. The total 
points from each of these five categories determines the overall number of LEED points, which 
determines the level of certification as shown in Figure 4. 
The number of LEED-Certified buildings is continually increasing due to the number of 
benefits and incentives associated with LEED Certification. One of the most frequently cited 
factors as a benefit of LEED Certification is the lowered operating cost for owners (McGraw Hill 
Construction, 2013). Environmental benefits include: reduced energy and water consumption, 
lowered greenhouse gas emissions, and reduced impact on natural resources (McGraw Hill 
Construction, 2013). Occupants of green buildings also benefit, due to improved indoor air 
quality of LEED-Certified buildings. Many occupants are also educated about sustainability as a 
result of green buildings. Additionally, LEED Certification increases the marketability of the 
building. Receiving the certification serves as a quality assurance, and it increases the building 
value at the point of sale (McGraw Hill Construction, 2013). The benefits and incentives are 
numerous, and as a result, LEED-Certified buildings are on the rise. 
For this project, developing a LEED-Certified design would not only reduce 
environmental effects during construction but would also reduce overall cost. In addition, 
smaller features, such as bicycle storage and green space, would be added amenities that 
would contribute to LEED Certification. This project focused primarily on developing a strategy 
to recycle materials through the demolition plan and construction schedule with a local 
recycling plant. This strategy, along with the installation of other environmentally sustainable 
technologies and amenities, will contribute to a LEED-Certified building design. 
Each year, the number of college campuses committed to being sustainable increases, 
and the number of educational buildings that are LEED-Certified is continually rising. In 2012, 
52% of construction firms reported planned green projects for institutional buildings in the next 
three years (McGraw Hill Construction, 2013). These factors combined with WPI's efforts to 
create LEED-Certified buildings factored into the decision to develop a LEED-Certified design. 
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Chapter 3: Methodology 
This chapter presents the overall methodology of this project. There were five project 
phases: site layout, architectural design, structural design, project management, and LEED 
Certification. Each of these phases are depicted in this section along with a summary of the 
overall process used for developing this project. 
3.1: Site Layout 
 The site layout was broken down into several phases. First, a footprint of the building 
was created using information from the Worcester Zoning Ordinances and Zoning Map. Second, 
an elevation profile of the building was created using AutoCAD Civil3D to determine required 
cut/fill. Finally, pathways were laid out to make the building accessible.  
 The first aspect of designing the site layout was to create a building footprint. Worcester 
Zoning Ordinances were used to establish the maximum building area, based on the site 
geometry and the required setbacks. The final building footprint was created based on the 
required square footage of the new building. Additional consideration was given to providing 
open space on the site.  
 The building’s elevation profile was created based on the site elevation and the building 
footprint. The topography information of the site was gathered from existing site plans and 
recreated in AutoCAD Civil3D. The resulting cut/fill of several building profiles were determined 
based on these existing site plans. The final building profile, including story heights, maximum 
building height, and base elevation were determined based on the cut/fill analysis. 
 The last aspect of the site design was creating walkways and stairways. The 
International Building Code and ADA requirements were used to determine the required slopes 
for stairways and ramps. Pathways were then created to provide access to the building 
entrances. The total area of impervious surfaces in the new site design was compared to the 
amount on the existing site as a way of gaging the environmental impact of the design.      
3.2: Architectural Design 
 This phase of the project consisted of a design process that was composed of two major 
components. The first was the Architectural Programming, which consisted of research on 
building design, an analysis of social impacts of designs, and a decision process regarding which 
spaces to include in the design. The final component was to use this Architectural Programming 
information to develop preliminary and finalized floor plans. 
3.2.1: Architectural Programming 
 The first step of the Architectural Programming was to research the project type. This 
was completed by investigating information such as relevant codes and standards, typical 
dimensions and details of design elements, licensing and zoning requirements, and other 
relevant information that could influence the building design. 
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Next, the overall project goals were established in order to develop a design to fit the 
goals of the owners and the WPI community. These goals influenced some aspects of the design 
such as the allocated interior space, exterior make-up, etc. Third, relevant information about 
the building’s functions was gathered to create a comprehensive design. This information 
identified users of the building, activities the design should accommodate, quantity of people 
involved in each activity, and room equipment. 
Next, the flow of the building for each floor needed to be organized via “Bubble 
Diagrams” to determine the use and relationships between allocated interior spaces. Once the 
flow was organized, quantitative dimension requirements were determined for all the spaces 
included in the building. Finally, a summary of the entire Architectural Program was developed 
to present the outcomes of the design process and its alignment with the scope of work 
presented for the project. 
3.2.2: Preliminary and Finalized Architectural Floor Plans 
 Preliminary and finalized architectural floor plans were developed and refined using the 
data gathered from the Architectural Programming. Building codes, ADA accessibility 
requirements, emergency exit routes, and other building requirements were used to adjust any 
preliminary design elements that did not comply. The preliminary and finalized plans were 
produced in Revit Architecture software to display proper dimensions for each space. 
3.3: Structural Design 
The structural design was completed in several different sections. These sections 
included determining the structural system, gravity loads, lateral loads, foundation design, and 
typical connections for typical building sections.  
The first aspect of the design was identifying the most effective structural material to 
use in building the new Stoddard Residence Hall.  The four construction materials under 
consideration were cast-in-place concrete, precast concrete, steel, and wood.  These four 
materials were evaluated using six design criteria: constructability, initial cost, interior 
adaptability, LEED/sustainability, safety of materials, and timeframe.  The results of the 
evaluation concluded that precast concrete was the most appropriate construction material. 
The second aspect of the structural design was determining the gravity loads and 
designing the primary structural elements in the gravity load resisting system. Gravity loads are 
made up of dead loads, live loads, and snow loads.  These loads were calculated using the 
architectural design, materials, and guidance from ASCE 7-10.  Once the gravity loads were 
determined, the precast beams were designed.  These beams included double-T, hollow core, 
and L Beams.  These beams were responsible for sustaining the gravity loads and conveying the 
gravity loads from the spans to the foundation. 
The third aspect of the structural design was defining the lateral load bearing system. 
The first step was to determine the wind and seismic loads based on ASCE 7-10.  The results 
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from the structural analysis were used for the bearing wall, shear wall, diaphragm design. The 
bearing walls transfer the gravity loads to the foundation and resist the gravity loads. Shear 
walls and diaphragms were designed to resist the lateral forces.  
The fourth aspect of the structural design was designing the foundation.  The 
foundation is responsible for resisting the lateral and gravity loads and dissipating these loads 
into the soil.  The foundation was designed and constructed using cast-in-place concrete. 
The fifth aspect of the structural design was to identify connections for the structural 
members. The connections allow for load to be transferred between members. Appropriate 
connection type and details were selected based on information from ACI and PCI. Connections 
for all major structure members were identified to establish a sense of how the structural 
system is constructed. 
3.4: Project Management 
To develop a project management plan, the overall process was broken into two major 
components: construction schedule and cost analysis. The following depicts the process 
involved in each of these project management components. 
3.4.1: Construction Schedule & Durations 
The construction schedule was divided into eight major activities using CSI Uniformat. 
Within each of these major activities were corresponding sub-activities. To determine the 
duration of each sub-activity, RS Means Cost Data was utilized. With this data, two estimation 
methods were developed: square foot and unit estimation methods. 
Building type data within RS Means was used to provide estimations of various building 
elements based on the square footage of floor area. For this project, college classroom and 
dormitory data was used for various floors for the new Stoddard design. Using this information, 
sub-activity durations were determined using the following process. 
 
Figure 5: Sub-Activity Duration Determination Process 
The average hourly rate for typical installation crews for each sub-activity was used with 
the installation cost per square foot to find the hourly output and, subsequently the daily 
output, for a typical sub-activity. This value was then used in a formula with the number of 
crews, the floor square footage, and an O&P multiplier to calculate the duration of a given sub-
activity. 
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 Although a generalized square footage calculation process was utilized for some sub-
activities, a unit estimation method was used when possible to provide more accurate 
estimations with exact quantity information researched within the scope of the project. RS 
Means Cost Data included a value for unit daily output; therefore, it did not need to be 
determined as it did for the square foot estimation method. Using the values for total number 
of units, daily output, and the number of crews. 
 Also, other methods and logistics were taken into consideration to further develop the 
construction schedule. Some factors included: 
- Mobilization 
- Selecting Contractors and Sub-Contractors 
- Storage/Placement of Construction Materials and Equipment 
- Construction Impact on Neighboring Properties and Residents 
- Demolition Recycling 
- Outside factors (ex: “Acts of God”) 
Once these factors were considered, the durations were compiled using a fast-tracking method 
via Primavera software to finalize the construction schedule. 
3.4.2: Cost Analysis 
 The total project budget was based on the total cost of East and Faraday Hall, two 
recently constructed residence halls on the WPI campus. To determine a cost estimate for the 
overall project, two different cost estimation methods were utilized: square foot cost 
estimation and unit cost estimation. Similar to the duration estimates, RS Means Cost Data was 
used to carry out these two methods. 
 To use the square foot cost estimation method, the cost per square foot of a given sub-
activity was multiplied by the total square footage to determine the sub-activity’s cost. The 
same process was used for unit cost estimation except the cost per unit was multiplied by the 
total number of units. These costs included materials, equipment, and installation to provide a 
more accurate cost estimation. Once these values were calculated, they were added to find a 
total project construction cost based on the construction activities. Then, an estimated 
percentage of this cost was added to account for the contractor’s O&P costs to further develop 
the estimation for the overall project. The overall project cost was then compared to the 
recently constructed WPI buildings, and the cost comparison was discussed. 
3.5: LEED Certification 
There was an overall step-by-step process to propose strategies to achieve LEED 
certification for the new Stoddard Complex design. This process utilized an already developed 
LEED scorecard created by the U.S. Department of Energy.  
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A checklist was created based on the LEED scorecard to not only obtain LEED 
Certification, but also improve the overall environmental performance of the building. All of the 
specifications in the LEED scorecard were considered based on their relevance for the overall 
scope and phases of the project. Specifications were then organized based on the individual 
phases of the project: site layout, architectural design, structural design, and project 
management. These specifications were researched, and specific strategies and methods were 
implemented into each phase of the project and into the overall design in order to achieve 
LEED Certification points. 
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Chapter 4: Site Layout 
Creating an effective site layout was essential to defining the design of the new 
Stoddard Residence Hall. The site layout refers to the building footprint, site elevations, as well 
as the location of walkways and patios.  These elements were designed to meet the project’s 
goals and zoning requirements.  
4.1: Existing Site 
The existing Stoddard site consists of three separate buildings surrounding a central 
quadrangle and houses 243 students. The buildings are terraced to fit into the slope of the hill 
that the site is located on. About 30% of the lot is occupied by buildings and an additional 14% 
by pathways and patios.  
In addition to the existing Stoddard property, the new residence hall was designed using 
an adjacent WPI-owned property. This space currently houses nine students, therefore using 
this space in the new design could be more effective. The total area of the combined sites is 
54,000 sf. The plots of land and their properties are shown in Figures 6 and 7 below. 
 
 
Figure 6: Stoddard Complex Plot 
 
Figure 7: 26 Hackfeld Property Plot 
N 
N 
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4.2: Building Footprint 
The site design had to meet the Worcester Zoning Ordinances, which listed restrictions 
on the use of the site. The site falls in the Institute, Educational (IN-S) district and abuts a 
Residential RL-7 zone as shown in Figure 8 below. The site is outlined in red.  
 
Figure 8: Worcester Zoning Ordinances 
The primary impacts of the zoning regulations were requiring minimum building 
setbacks and restricting the building height. Table 1 outlines the main impacts of the zoning 
codes on the site layout, and Figure 9 shows the buildable area after applying these restrictions 
to the site (dimensions shown in feet). 
Table 1: Worcester Zoning Ordinances 
Area of Impact Restriction 
Building Height Less than 35’ from grade 
Front Setback 15’ 
Side Setback 10’ 
Rear Setback 10’ 
Setback from nearest property line 50’ 
 
N 
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Figure 9: Required Ordinance Setbacks 
A critical factor considered in the design of the building footprint was the size of the 
building. The building footprint had to be large enough to accommodate an increase in 
residential and communal space. In order to accomplish this, the design was developed to 
utilize more of the plot space while still remaining under the height restrictions of the 
Worcester Zoning Ordinance.  First, the existing Stoddard Complex plot was analyzed to 
determine the maximum buildable square footage available. However, the original square 
footage could not accommodate all of the amenities for a Living Learning Community, an 
increase in residential occupancy, and a green space. Therefore, neighboring plots of land were 
observed for potential expansion. WPI owns the 26 Hackfeld Rd. lot, which currently houses 
nine students. Since the new Stoddard design would more than compensate for the nine 
students, expanding into this plot would be beneficial for WPI. With this expansion, the 
maximum buildable square footage was calculated to be about 36,070 square feet. After this 
enlarged building site was defined, setbacks were developed. 
 
 
N 
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Figure 10: Final Design Building Setbacks 
The site design considered the potential impact of the building on adjacent properties. 
As seen in Figure 8, the site abuts a residential zone. The existing Stoddard building is 25’ from 
the nearest residential house. The new site layout prioritized creating a buffer between the 
new residence hall and adjacent buildings. To do this, the building was set back 57’ from the 
adjacent residential lot. The walkway on the south side of the site was kept close to the building 
to help maintain privacy for the residential units. Landscaping, such as trees and bushes, will be 
used in this buffer space to reduce the impact of the new building on the surrounding 
neighborhoods.  
Additionally, a 20’ setback on the west side and 30’ setback on the east side were 
included to provide more space for entryways. Both sides have entryways for the buildings. In 
order to create welcoming areas that could better accommodate the large traffic that would go 
through these areas the setbacks were increased from their minimum amounts. The other 
setbacks of the building were closer to their minimum required amount as increasing these 
setbacks had little impact on the overall site.  
4.3: Elevation 
The main design challenge with building on the existing site was the topography 
because the site is located on the side of a hill. The lowest elevation is 517’ on the west side of 
the site and increases to 560’ on the east side. The current Stoddard design is terraced down 
the hill. While this enables it to fit well into the topography, it creates several mobility and 
functional challenges. The goal of the new building was to fit into the existing topography while 
N 
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maintaining functionality. To accomplish this, the new building footprint was divided into two 
parts. On the west side, the base elevation starts at 526’ while on the east it starts at 550’. This 
allowed the building design to fit into the hill, eliminating the terraced design of the existing 
Stoddard Complex. The new design has large, level floors creating functionality and 
accessibility. Figure 11 shows the new building profile from Institute Road. 
 
Figure 11: North Elevation Values 
There were several factors that influenced the elevation of each floor. The first factor 
was the floor-to-floor height of the building because this would directly influence the overall 
elevation of the building. To determine the floor-to-floor height, the existing floor-to-ceiling 
height of Stoddard (8’) was used as a baseline, the IBC requires a minimum of 7’ 6”. To account 
for mechanical, ceiling, and floor space, 1’ was added, and 3’ were added for structural 
members. This resulted in a floor-to-floor height of 12’. Second, the zoning code restricted the 
building height to 35’ above grade. The height of a building is defined as the vertical distance 
from grade level of the building at its main entrance to its highest point, excluding chimneys 
and similar projections. The main entrance of the proposed design is on the east side with 
grade at 560’, which limited the maximum elevation to 595’. However, in order to reduce the 
impact of the building on the adjacent sites, the maximum building height was sought to 
remain as low as possible. The maximum elevation of the existing Stoddard Complex is 580.5’; 
the new design attempted to keep the height as close to this value as possible.  
The last factor for determining the building elevations was the amount of cut/fill it 
would require. Cut/fill could have a large impact on the project cost and schedule. The goal was 
to reduce the total amount of cut/fill while having a low net difference between them to be 
able to reuse the excavation on site. Cut/fill was calculated for several elevations by creating a 
topography surface in AutoCAD Civil 3D and measuring the change in volume of the proposed 
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surfaces compared to the existing one. Table 2 shows the cut/fill amounts for various 1st floor 
elevations of the new building using a 12’ floor to floor height. The net fill value is the amount 
fill required for that elevation. A negative value reflects that more cut is required than fill, 
resulting in a negative amount of total fill.  
Table 2: Cut and Fill for Several Building Elevations 
 
  
 The net fill and total cut/fill both influenced the final building elevation. The total 
amount of cut/fill directly impacts the amount of labor and time required to complete the site 
work. Additionally, reducing the amount of net fill allows for greater amount of excavated soil 
to be reused on site. This reduces the total cost of removing the soil.   
Considering these factors: clear height, zoning codes, and cut/fill, the final building 
elevation was decided as shown in Figure 12. The base building elevations are 550’ on the east 
side and 526’ on the west side. This resulted in a maximum building elevation of 586’, which is a 
modest increase from the existing building. The final design required 3,138 cubic yards of cut 
and 2,591 cubic yards of fill, resulting in a net 547 cubic yards of cut, which is depicted in the 
green shaded row in Table 2. This additional cut must be removed from the site.  
4.4: Environmental Impact 
 A guiding factor in creating the new site design was its impact on the environment. This 
included the amount of cut/fill, land covered by impervious surfaces and functional green space 
for the WPI community. Beyond reducing cut/fill for reasons of cost and project schedule, these 
amounts were minimized to reduce the environmental impact. 
 The amount of impervious surfaces was also used as a benchmark for determining the 
new design’s impact on the environment, particularly with storm water runoff. The challenge 
was creating a larger residence hall while trying to maintain the same amount of impervious 
surfaces as in the current conditions. The existing Stoddard Complex covers 29% of the site, and 
pathways and patios cover an additional 14%. The proposed site design is covered 41% by the 
building and 8% by walkways and patios. The proposed site covered 6% more of the site with 
impervious surfaces than the existing site. However, if all the new walkways were made with 
ELEVATION CUT FILL NET FILL TOTAL 
554 1620 5735 4115 7355 
553 1929 4907 2978 6835 
552 2285 4071 1786 6355 
551 2685 3287 603 5972 
550 3138 2591 -547 5729 
549 3708 2006 -1702 5714 
548 4437 1576 -2861 6013 
547 5245 1200 -4045 6445 
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permeable surfaces, the new and existing site would have essentially the same amount of 
pervious surfaces. The final site layout with walkways and patio spaces are shown in Figure 12 
below. The red line represents the buildable area, the blue represents the building footprint, 
and the black shows the locations of walkways and patios. 
 
 
Figure 12: Final Site Layout  
 Providing functional green space was the last aspect of creating an environmental 
design. The current site has a variety of outdoor patios and seating areas; however, due to the 
hill there is no large usable green space. The new site design incorporates an interior courtyard 
that allows for outdoor activities. The new courtyard is designed as two levels. The west 
courtyard is a flat multipurpose field at an elevation of 538’, the same as the Basement. The 
grade had to be less than 2% to facilitate this use (City of San Diego Parks and Recreation, 
2011). The east side is smaller and can be used as a patio. It is at the same elevation as Floor 1, 
550’ and a staircase connects the two levels. 
4.5: Accessibility 
An essential design parameter was creating an accessible site. The existing Stoddard 
Complex is not fully handicap accessible. The new site was designed to allow for handicap 
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access to meet the requirements of the American’s with Disabilities Act outlined in Table 3. 
Handicap accessible entrances are located on both the east and west side of the building. 
Table 3: ADA Accessibility Requirements 
Area of Impact Restriction 
Maximum Ramp Slope 1:12 
Maximum Rise in a Run 30 inches 
Minimum Clear Width 36 inches 
Minimum Landing Width 60 inches 
4.6: Final Design 
The final site design consisted of the location of the building footprint, walkways, and 
patios. The building is in a square shape with a rectangular wing off in the southwest corner. A 
courtyard was created inside the building to provide green space for residents. Additionally, 
pathways were created to access the building on the east and west sides and wrap around the 
back of the building. A patio was created in front of the east entry to provide outdoor social 
space. The guiding objective of the site design for the new residence hall was to make better 
use of the land by increasing both the housing capacity and the accessibility while preserving 
green space and designing the building into the site. 
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Chapter 5: Architectural Design 
This chapter discusses the architectural design process which consisted of two separate 
phases. The first step was the Architectural Programming, including building design research, an 
analysis of the social impacts, and the decision process regarding which spaces to include in the 
design. The second step was to use this Architectural Programming information to create 
preliminary and finalized floor plans. 
5.1: Architectural Programming  
 The following section outlines the six steps of the Architectural Programming, and the 
results of each step are discussed. 
5.1.1: Research the Project Type 
The first step of the Architectural Programming was to research the project type. This 
included investigating information such as relevant codes and standards, typical dimensions 
and details of design elements, licensing and zoning requirements, and other relevant 
information that could affect the cost of elements in the design (Cherry & Petronis, 2009). This 
information was considered throughout the design process to ensure that the proposed design 
met all codes and requirements. The complete outline of the Architectural Programming 
research can be found in Appendix B. The most relevant information has been summarized in 
Tables 4 through 8 below. 
Table 4: Bathroom Design Information 
Space: Code Requirements: Average Dimensions: 
Lavatory Stalls 1:10 people 60" x 36" 
Handicap Lavatory Stalls 1 ADA compliant stall 60" x 60" 
Shower Stalls 1:8 people 72" x 36" 
Handicap Shower Stalls 1 ADA compliant stall 72" x 60" 
Service Sinks (w/ counter space) 1 service 22" x 30" 
 
Table 5: Building Space Minimum Requirements 
 
 
 
 
 
 
 
Stairways (Interior) Riser- .15m < X < .18m 
Tread- .28m < X 
Corridor Width Minimum 6’ 
Elevators Minimum 54” x 80” 
Electrical Room Minimum 6’ x 10’ 
Mechanical Room Minimum 12’ ceiling height 
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Table 6: IBC Building Codes 
 
 
 
 
 
Table 7: Furnishing Dimensions 
Bed Twin - 39" x 75" 
Twin Extra Long Mattress - 39" x 80" 
Desk 48" x 24" 
Closet 82" Tall, 32" Width, 24" Depth 
Washer 43" Tall, 27" Width, 28" Depth 
Dryer 43" Tall, 27" Width, 28" Depth 
Bicycle Racks 10'3.75" X 2'3" 
 
Table 8: Average Room Sizes 
Single Occupancy Rooms 115 sf. 
Double Occupancy Rooms 163 sf. 
Triple Occupancy Rooms 187 sf. 
Common Rooms 16 sf./person 
Tech Suite Rooms 126 sf. 
Offices 120 sf. 
Conference Rooms 288 sf.  
 
5.1.2: Establish Goals and Objectives 
 The second step of the Architectural Programming was to identify and establish goals 
for the project. The organizational goals relate to the goals of the owners, and in this project, 
the needs of WPI. The major objective is to create a Living Learning Community (LLC) to 
enhance the first-year student experience and offer more academic space for students. One of 
WPI’s goals in the near future is to accommodate more students in on-campus housing. This 
goal could be achieved through a building design that provides more residential space than the 
current complex.  
 WPI has a brick-exterior style for all buildings throughout the campus. This aesthetic 
look is an important aspect of WPI, and this image was an important factor to be included in 
the proposed design. In addition to this style, it was also important to fit with the surrounding 
properties. An important consideration was creating a design that was not too intrusive to the 
local neighborhood. 
(All values are for Residential buildings with approved, automatic 
sprinkler systems) 
Dead End Corridor (Length) Maximum 50’ 
Distance to an Exit Maximum 250’ 
Distance to Common Path of Egress Maximum 125’ 
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 Before creating the design, it was vital to consider the major functions of the building 
and the types of activities that need to be accommodated. The main goal of the proposed 
building is to provide residence to over 400 students, while also offering a number of amenities. 
The LLC was achieved through the inclusion of common room space as well as group study 
areas; these features have the potential to greatly enhance residential experiences and 
interactions. The needed spaces and rationale behind each space are given in Table 9 below. 
The spaces included in this table were researched in the first stage of the Architectural 
Programming. In addition to these commonly used spaces, the proposed WPI Residence Hall 
building has two other space requirements that are not commonly found in residence hall 
buildings. The WPI Health Services Office is currently located in the existing Stoddard Complex. 
Due to this, the building redesign had to include a space for a new Health Services Office. 
Additionally, different spaces were researched for LEED Certification points. The inclusion of a 
Bicycle Storage Room was found to be a source of LEED points, so this space was researched for 
inclusion in the design as well. 
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Table 9: Rationale of Needed Space 
Use of Space Rationale 
Residential Rooms 
Increasing the residential occupancy to 
accommodate over 400 students.  
Common Rooms 
Provide more living and common space for 
interaction between students. 
Quiet Study Space 
Provide more space for students to be able to 
work independently. 
Tech Suite Study Space 
Provide space for students to interact for 
group projects with access to a computer and 
TV, similar to the tech suites already installed 
in the WPI Gordon C. Library. 
Lecture Hall/Classrooms 
Incorporated into LLC design to provide easy 
access to a large lecture hall for typical first-
year courses. 
Computer Labs 
Incorporated into LLC design to provide better 
access to technical resources typically found 
outside of residence halls. 
Faculty Offices 
Encourages more interaction between faculty 
and students by placing offices in residence 
hall buildings for the LLC design. 
Conference Rooms 
Will allow for meetings between group 
members along with faculty and staff for the 
LLC design. 
Laundry Facilities 
An upgrade from the original Stoddard 
Complex which did not include laundry 
facilities. 
Lobby Space/Lounges 
Large common space for students to socialize 
and interact. 
Bicycle Storage Incorporated for the LEED design. 
Health Services Office 
Replacing and improving the existing Health 
Services office to incorporate more space for 
offices, medical rooms, etc. 
WPI Facilities Equipment Space 
Space allotted for maintenance closets, 
electrical rooms, and mechanical rooms. 
Stairways, Hallways, and Elevators 
Providing easier handicap access, much 
improved from existing Stoddard design. 
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Also, there was rationale behind specific types of spaces not being included in the 
design. Below in Table 10, these considered spaces are listed with the rationale explaining their 
exclusion from the final architectural plan. 
 
Table 10: Rationale of Excluded Space 
Use of Space Rationale 
Dining Hall 
The proposed site is within a close proximity 
(across the street) to the Morgan Commons 
Dining Hall.  
Fast Food/Coffee Shop/Convenience Store 
Wanted more of a focus on LLC with 
classrooms, lecture halls, and offices; not 
enough space for any convenience stores. 
Fitness Center 
The proposed site is within a close proximity 
(across the street) to the Sports & Recreation 
Center and the athletic fields. 
 
The major economic goal of the project was to stay within a set-forth total project 
budget range. This budget was created by examining past WPI projects of similar residence halls 
and using this information to create a cost for the proposed design. For example, East Hall 
(2008) and Faraday Hall (2013) had total project costs of $38,885,191 and $36,988,000 
respectively. East Hall has a total occupancy of 232 students and a total floor area of 103,000 
sf., which equates to an average cost/sf. of about $378. Faraday Hall has a total occupancy of 
258 students and a total floor area of 89,000 sf., which equates to an average cost/sf. of about 
$415 (Worcester Polytechnic Institute, 2015). 
Using these values, the potential budget of this project was determined. There are some 
trade-offs regarding cost when comparing these residence halls and the new Stoddard 
architectural design. Although East Hall and Faraday Hall are both suite-style housing, the new 
Stoddard design incorporates classrooms, computer labs, quiet study space, and Health 
Services. Also, the Stoddard design includes more space allotted for tech suites and studying 
than the other residence halls. Achieving LEED Certification was another major goal of this 
project, which addresses economic and management topics. The goal of obtaining LEED 
Certification is to create a sustainable building. Using the information from previous WPI 
building projects and adjusting the price to accommodate the proposed building, the target 
project cost was determined to be between $20,000,000 and $30,000,000. 
5.1.3: Gather Relevant Information 
 The third step was to gather relevant information in order to create the most 
comprehensive design. This information was to identify the users of the building, what activities 
the design must be able to accommodate, how many people will be doing each activity, and 
equipment needed in each room. This information is summarized in Table 11 below. 
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Table 11: Design Space Accommodations 
 
User (# to Accommodate) Activity/Uses of Space Equipment 
Students (400 total) Residential Rooms Bed, desk, drawers, closet 
Students (75/bathroom) Bathrooms Plumbing and fixtures 
Students (30/room) Common Rooms Couches, tables, TV 
Students (30/space) Quiet Study Space Tables, chairs, computers 
Students (5/room) Tech Suite Study Rooms Tables, chairs, computers 
Students (20/lab) Computer Labs Tables, chairs, computers 
Students and Faculty (30/classroom) Classrooms Tables, chairs 
Students and Faculty (60) Lecture Hall Tables, chairs 
Students (400 total) Laundry Facilities Washers and dryers 
Students (Open to all of campus) Health Services Office All existing equipment 
Professors, Assistants (1/office) Offices Desk, chairs, filing cabinets 
Students and Faculty (12/room) Conference Rooms Table, chairs 
Students and Faculty (40) Lobby Space Couches, tables, chairs 
Students and Faculty (20) Lounges Couches, tables, chairs, TV 
Students and Faculty (15% of 
residents) 
Bicycle Storage Space Bicycle racks 
Students and Faculty (All occupants) Stairways N/A 
Students and Faculty (All occupants) Elevators N/A 
Students and Faculty (All occupants) Hallways N/A 
WPI Facilities Staff Only Maintenance Closets Maintenance equipment 
WPI Facilities Staff Only Electrical Rooms Electrical equipment 
WPI Facilities Staff Only Mechanical Room Mechanical equipment 
 
5.1.4: Identify Strategies 
 The fourth step of Architectural Programming focuses on identifying strategies to 
complete the goals set forth in Section 5.1.2. “Bubble Diagrams” are diagrams that use elliptical 
shapes to represent different spaces that are included in the architectural design. The 
organization of the different ellipses in the diagram show which areas in the building need to be 
connected and the relationships between spaces (Addi & Lytle, 2011). They identify which 
spaces need to be grouped together, conveying the flow and connectivity of the building. 
Bubble diagrams were created for each floor, shown in the figures below.  
The first floor is the main entrance floor for the building, and therefore includes the 
main lobby. For security reasons, the main lobby is connected to stairs and hallways of 
residential space, all requiring ID card access. The South and North hallways are also main 
hallways for residential rooms. The South and North Hallways are connected by the West 
Hallway, which connects to more residential rooms as well as other amenities. The quiet study 
space area will be separated by a soundproof wall and ID access locked door and will be an area 
  
48 
 
with tables and chairs for individual studying. Connected to this area will be tech suites for 
group studying. A bubble diagram for the first floor can be seen in Figure 13. 
Figure 13: 1st Floor Bubble Diagram 
The second and third floor are organized similarly to the first floor. The only difference is 
that these floors do not have a lobby because it is not a central entrance point for the building. 
Instead of the main lobby, the second and third floors have an East Hallway. This hallway 
provides more access to residential rooms as well as the east stairway. While the residential 
rooms on the first floor created a U-shape, the rooms on the second and third floor create a 
rectangular shape. These floors have more rooms and therefore more students. Due to this, 
there is a need for more common room space. The West Hallway provides access to both 
Common Room 1 and Common Room 2. A bubble diagram for these floors is shown in Figure 14 
below. 
  
49 
 
Common Room 1 and Common Room 2. A bubble diagram for these floors is shown in Figure 14 
below. 
Figure 14: 2nd & 3rd Floor Bubble Diagram 
The Basement contains academic spaces that help foster a LLC environment in the 
residence hall. The Basement has a much smaller square area than the three main residential 
floors, and it is comprised of one major hallway. This hallway has public access from a side door 
as well as stair and elevator access from floors above and below. Spaces on this floor include 
classrooms, conference rooms, a lounge, offices, bathrooms, and a lecture hall. Also included 
are the necessary support spaces such as stairways, maintenance closets, an elevator, and an 
electrical room. The bubble diagram for the Basement is shown in Figure 15. 
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Figure 15: Basement Bubble Diagram 
The Sub-Basement is designed similarly to the Basement and has the same square area. 
The Sub-Basement has access from outside as well as from upper floors. Unlike the Basement, 
this floor does not have a main hallway. The North Hallway acts as the main lobby and this is 
where the external main access door is located. This area leads to the Health Services Office, as 
well as a maintenance closet, a stairway, elevator, and electrical room. The other entrance of 
the Health Services Office is connected to the South Hallway, which leads to the mechanical 
room. The West Hallway, which runs from the mechanical room, leads to the bicycle storage 
area, laundry facilities, stairway, and another external door. The bubble diagram for this floor 
can be seen in Figure 16. 
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Figure 16: Sub-Basement Bubble Diagram 
 In addition to identifying strategies for the flow and connectivity of the building spaces, 
other factors must also be analyzed. This step examined existing functions that needed to be 
maintained and included in the design of the new building. For example, the WPI Health 
Services Office is located in the basement of the existing Stoddard Complex; therefore, this 
space was included in the new design. Additionally, security and access of different floors and 
areas of the proposed building were considered. Some areas are strictly residential, while 
others are open to the entire WPI campus. The bubble diagrams showed which areas needed to 
be secured, and this allowed for the planning of separate hallways and doors to maintain 
secure access where necessary. 
5.1.5: Determine Quantitative Requirements 
 The fifth step of the Architectural Programming uses the information gathered in the 
previous steps to determine quantitative requirements for each element of the design. The 
detailed decision process that led to these quantitative details can be found in the full 
transcript of the Architectural Programming in Appendix B. 
 The new Stoddard Residence Hall design gathered information from comparisons with 
similar buildings, building code provisions, and measurements of existing rooms on campus to 
determine the space requirements for each element of the design. Architectural plans were 
used from universities with similar student populations and buildings that have a LLC to find the 
dimension of these living areas. However, since the new Stoddard Residence Hall seeks to meet 
WPI’s specific needs, such as the GPS program, the space dimensions found from these sources 
were adapted to better meet the design goals. The dimensions of residential rooms and the 
amount of common space on each floor was increased to meet these goals. The classroom sizes 
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were designed using comparisons to existing WPI classrooms in order to align with the average 
class size at WPI. The design for the Health Services Office was impacted through an interview 
with members of WPI’s Health Services Department and by using their existing space 
dimensions. Both factors were taken into account to accommodate the needs of the 
department in the new design.  
 Next, requirements were established through building codes issued from the 
International Code Council. These codes established the required size and space allotment by 
providing either minimum requirements or a range of dimensions that could be used to design 
aspects of the building. The design values selected were based on the maximum number of 
rooms and occupancy possible. This allows the design to facilitate additional occupancy in the 
future if it is needed.  
 Finally, manual measurements of spaces on the WPI campus were used to design the 
tech suites and the laundry facility. The tech suites for the new Stoddard Residence Hall were 
based on the tech suites at the WPI Gordon Library since they were identified as providing an 
effective setup for group collaboration. The laundry facility was based on the existing laundry 
facility in Daniels Hall. The design aimed to increase the number of machines per student to 
provide better service for students.  
Based on the information gathered in the previous stages of the Architectural 
Programming, design decisions were made regarding quantitative amounts for each space to be 
included in the building. Table 12 shows all of the spaces included in the proposed design, 
which floor(s) they are located on, their frequency, and the size/dimensions of each area. The 
decision process that led to these final design quantities is outlined below: 
Residential Rooms - Double occupancy rooms on average are 163 sf. while triple occupancy 
rooms have a slightly larger average of 187 sf. In order to achieve the goal of including more on-
campus housing space, residential room space needed to be prioritized. Triple occupancy 
rooms were selected and designed to be approximately 203 sf., larger than the average to 
provide a better living experience. Single rooms were also included to accommodate 
Residential Advisors (RAs). The number of students on each floor was analyzed to determine 
the student to RA ratio and how many RA rooms should be included on each floor. Single rooms 
were also designed to be larger than the average at 128 sf, providing more space to meet with 
advisees.  
Bathrooms - Bathrooms were designed using the code requirements and design information 
presented in Table 4. The number of students per floor was analyzed and used to determine 
how many bathroom stalls, showers, and sinks were necessary per floor, which determined the 
square footage of each bathroom. 
Common Rooms - The average common room size was found to be 16 sf./person. Due to the 
goal of creating a LLC, which emphasizes group interaction and collaboration among students, 
the design goal was to increase common space. In this design, common space is incorporated 
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through different spaces including quiet study space, tech suites, and computer labs. Although 
the common room sizes are smaller than average, more total common space is available on 
each floor through these other areas. Due to the increased number of residential rooms on the 
second and third floors compared to the first floor, there is an additional common room on 
each of the second and third floors.  
Quiet Study Space - This space was designed to contain tables and chairs for individual work 
space. Based on a typical quite study area on the WPI campus and the dimensions of tables and 
chairs, 895 sf. per floor will provide ample space for individual studying.  
Tech Suite Rooms - Tech Suite Rooms currently exist on the WPI campus, of varied size. An 
average size was found to be about 125 sf., and this was used in the proposed design. There are 
currently 11 Tech Suites located in the Gordon Library. 10 Tech Suites were incorporated in the 
design to encourage use by students and create more availability for the Tech Suites. 
Computer Lab – The square footage of the computer lab was based on a computer lab that 
currently exists in Kaven Hall. The capacity of this computer lab is 30 people, which could 
accommodate a small sized class. 
Classrooms - The square footage of the classrooms was modeled after a classroom that 
currently exists in Kaven Hall. This classroom has a capacity of 25 people, which is an average 
size for small classes at WPI. 
Lecture Hall - The square footage of the lecture hall was modeled after a lecture hall that 
currently exists in Kaven Hall. The lecture hall has a capacity of 70 people. In the event that the 
lecture hall would be used for GPS courses, this hall could accommodate an average sized GPS 
class. 
Laundry Facilities - The design of the laundry facilities room was based on the current WPI 
laundry facilities as the average size of a washer and drying machine. There is currently a 
laundry facility in WPI Daniels Hall that services students from Riley Hall, Daniels Hall, and 
Morgan Hall. This total number of students is about 725. The total number of washing and 
drying machines in the laundry room is 16 each. This means that there is about 1 machine per 
46 students. To maintain this ratio for the 460 students in the new building, there would be 10 
of each machine; however, the new facility was designed to hold 12 washers and 14 dryers to 
provide an increased number of machines for students. The laundry room was designed to be 
400 sf. to accommodate for this. 
Health Services Office - Rather than recreating the space that currently exists in the Health 
Services Office, an interview was conducted with Health Services to determine what areas 
could be improved and what they would like to see in a re-designed office space. A transcript of 
the interview can be found in Appendix C. All space needs stated in the interview were 
considering for inclusion in the design of the Health Services Office. 
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Offices - The size of 120 sf. was a common office size currently for WPI campus offices. This 
design incorporated offices that were slightly larger at 148 sf., to allow for more room for 
interaction with students. The design includes 12 offices on the Basement level. This number of 
rooms was chosen to accommodate professors as well as graduate students and teaching 
assistants so their offices are located within the residence hall and they are readily available to 
assist students. 
Conference Rooms - The size of 284 sf. was based on conference rooms currently located on the 
WPI campus as well as average sizes. Two conference rooms of these size were included in the 
design to accommodate meetings for students and professors within the residence hall. 
Lobby Space - Two lobby areas were incorporated in the building design. One is located on the 
first floor, at the main entrance to the building. This is a high traffic area with access to the 
courtyard as well as two major hallways; therefore, this area was designed to be 1,775 sf. to 
allow for a smooth flow through the main entrance and lobby. There is also a lobby located on 
the Sub-Basement level at the main entrance for this level. This is a lower traffic area; however, 
this area will still have a decent amount of traffic and serves as the lobby to the main entrance 
of the Health Services Offices, therefore it was designed to be 545 sf. 
Lounges - This building has one lounge located on the Basement level. This lounge was designed 
to be 1,450 sf. in order to accommodate a large number of students and faculty. This level 
contains offices, conference rooms, classrooms, and a lecture hall, meaning that students will 
be in this area before or after class or waiting for meetings. This lounge also serves as the 
entrance from the courtyard; therefore, there will be a large number of people entering and 
exiting, and a large area is needed to maintain the flow of traffic. 
Bicycle Storage Space - This space was incorporated to provide freshman with a convenient 
place to store their bike and promote biking on campus. Currently there is a bike storage space 
located in East Hall on the opposite side of campus. Incorporating bike storage in the design 
makes having a bike more convenient for first-year students. Additionally this gains LEED 
Certification points. In order to receive these points, the storage space must be able to 
accommodate bicycles for at least 15% of the residential population of the building. In this 
design, that means there must be space for 70 bicycle racks. Based on the average size of a 
bicycle rack, 615 sf. of space was designated to meet these space requirements. 
Stairways – Stairways were created based on the tread and riser, clear width, and headroom 
requirements outlined in the International Building Code. The length of the stairways was 
determined by the floor to floor height. The riser height used was 6” and the tread depth was 
11” resulting in an 11’ long stairway to rise 6’. The landings were 4.5’ deep and a clear width of 
6’ was used. The result was a stairwell of 20’ by 12’ which meet all the requirements of the IBC. 
Elevators – Elevators were sized based on elevators used in existing WPI residence halls. These 
dimensions also meet the requirements of the International Building Code. 
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Hallways - Hallways were created using a minimum width of 6 feet, according the International 
Building Code. 
Maintenance Closets – Maintenance closets were included on each floor in order to store 
equipment used in the maintenance and cleaning of the residence hall. 
Electrical Rooms – There is one electrical room included on each floor, all aligned vertically on 
the same stairway. These rooms were designed to be 12’ x 6’, which is larger than the minimum 
requirement. 
Mechanical Room - The mechanical room square footage was based on the square footage of 
the Existing Stoddard Complex, which is expected to provide sufficient space for the mechanical 
equipment necessary. 
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Table 12: Quantitative Space Design 
 
Space 
 
Frequency and Size/Dimensions 
 
First Floor Second/Third 
Floor 
Basement Sub-basement 
RA Rooms 
(Single Occupancy) 
6 @ 9.5’ x 13.5’ 4 @ 9.5’ x 13.5’ - - 
Residential Rooms 
(Triple Occupancy) 
43 @ 13.5’ x 15’ 51 @ 13.5’ x 15’ - - 
Bathrooms 2 @ 835 sf. 2 @ 835 sf. 2 @ 420 sf. 4 (single, unisex) @ 
8’x8’  
Common Rooms 1 @ 1,443 sf. 1 @ 1,443 sf. 
1 @ 1,122 sf. 
- - 
Quiet Study Space 1 @ 895 sf. 1 @ 895 sf. - - 
Tech Suite Rooms 5 @ 12’ x 10.5’ 5 @ 12’ x 10.5’ - - 
Computer Lab 1 @ 1,487 sf. - - - 
Classrooms - - 3 @ 754 sf. - 
Lecture Hall - - 1 @ 1,450 sf. - 
Laundry Facilities - - - 1 @ 400 sf. 
Health Services Office - - - (Refer to Appendix C) 
Offices - - 12 @ 13.5’ x 11’ - 
Conference Rooms - - 2 @ 13.5’ x 21’ - 
Lobby Space 1 @ 1,775 sf. - - 1 @ 545 sf. 
Lounges - - 1 @ 1,450 sf. - 
Bicycle Storage Space - - - 1 @ 615 sf. 
Stairways 4 @ 12’x20’ 4 @ 12’x20’ 2 @ 12’x20’ 2 @ 12’x20’ 
Elevators 1 @ 9’4” x 8’ 1 @ 9’4” x 8’ 1 @ 9’4” x 8’ 1 @ 9’4” x 8’ 
Hallways 6’ width 6’ width 6’ width 6’ width 
Maintenance Closet 1 @ 203 sf. 1 @ 67 sf. 1 @ 245 sf. 1 @ 275 sf. 
Electrical Room 1 @ 12’ x 6’ 1 @ 12’ x 6’ 1 @ 12’ x 6’ 1 @ 12’ x 6’ 
Mechanical Room - - - 1 @ 1,610 sf. 
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5.1.6: Summarize the Program 
 The sixth and final step of the Architectural Programing was to summarize the outcomes 
of the design process and its alignment with the scope of work presented for the project. The 
overall goal was to create a design that fostered a Living Learning Community within the 
residence hall, while also housing more students than the current design. Through the 
Architectural Programing steps, a design was formed that provided critical communal space as 
well as residential space. This allowed the project to meet both major goals set forth in Section 
5.1.2. 
5.2: Proposed Architectural Design 
 After the Architectural Programing was completed, the architectural plans were created. 
First preliminary floor plans were formed and then refined to create the finalized floor plans. 
5.2.1: Preliminary Architectural Floor Plans  
The proposed site layout for the building, outlined in Chapter 4, was used to create the 
original building footprint for the architectural design. Using this building footprint and the 
tentative area of the building, the Architectural Programing information was used to create 
preliminary architectural plans. These plans were created based on the general space allotment 
in Table 12, after considering which spaces would be included in the building. These preliminary 
designs were created using AutoCAD as a simple model for visualizing and reasoning about the 
different spaces of the building. Preliminary floor plans of each level are shown below. 
 
 
Figure 17: 1st Floor Preliminary Arch. Plans 
N 
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Figure 18: 2nd & 3rd Floor Preliminary Arch. Plans 
  
N 
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Figure 19: Basement Preliminary Arch. Plans                  Figure 20: Sub-Basement Preliminary Arch. Plans 
 
5.2.2: Finalized Architectural Floor Plans  
After the full Architectural Programing process was completed, the finalized 
architectural plans were created. Using the information gathered, the preliminary plans were 
refined. Codes and other building requirements in Section 5.1.1 were used to adjust any 
elements of the preliminary design that were not acceptable. Using Revit Architecture software, 
the finalized plans were created, showing more than just the general allotment of space. Proper 
dimensions of each space were depicted, and finishes were put into the design to assure that 
the design worked as a whole. Finalized floor plans of each level are shown below. 
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Figure 21: 1st Floor Finalized Arch. Plans 
 
Figure 22: 2nd & 3rd Floor Finalized Arch. Plans 
N 
N 
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Figure 23: Basement Finalized Arch. Plans                         Figure 24: Sub-Basement Finalized Arch. Plans 
N N 
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Chapter 6: Structural Design 
An effective structural design was a critical aspect of design of the new Stoddard 
Residence Hall.  The structural design involved the evaluation of different possible construction 
material, selection of construction material, and double-T beams, hollow core plank, L-beam, 
shear walls, diaphragm, and foundation design.  These sections were designed to provide a safe 
building and meet this project’s and WPI's goals for the new Stoddard Residence Hall. 
6.1: Solution Alternatives and Decisions 
The first step of the structural design focused on determining which structural material 
would best meet the architectural, schedule, and cost goals of the new Stoddard Residence 
Hall. An adapted project performance evaluation, as outlined in Table 13, was used to structure 
the process to determine the best material.  The project performance evaluation identified the 
most important criteria based on the WPI’s needs identified in the Architectural Programing 
phase of the design. 
This project evaluated cast-in-place concrete (CIP), precast concrete, steel, and wood as 
construction materials.  These materials were evaluated using the criteria of initial cost, interior 
adaptability, sustainability, and construction scheduling. Each of the criteria were weighted 
based on their importance to the project.  The four construction materials were then scored 
between one and ten for each of the criteria based on how well the material satisfied the 
criteria. The summation of the weighted evaluations for each construction material identified 
which material best met the key project criteria.   
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Table 13: Performance Evaluation Results of Different Structural Materials 
Criteria 
Unit of 
Measurement 
Criteria Weight 
Construction 
Materials 
Performance Rating Weighted 
Evaluation 1 2 3 4 5 6 7 8 9 10 
Initial Cost Dollar 25 
CIP Concrete                     150 
Precast Concrete                     150 
Steel                     150 
Wood                     200 
Interior 
Adaptability 
Qualitative 12 
CIP Concrete                     120 
Precast Concrete                     120 
Steel                     120 
Wood                     72 
Sustainability Qualitative 12 
CIP Concrete                     96 
Precast Concrete                     96 
Steel                     108 
Wood                     72 
Timeframe Months 51 
CIP Concrete                     204 
Precast Concrete                     378 
Steel                     153 
Wood                     306 
 
 
  
 
Construction Material Total Scores 
CIP Concrete 570 
Precast Concrete 744 
Steel 531 
Wood 650 
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Initial cost was a critical factor of the project because it directly affects WPI’s ability to 
invest in the new residence hall.  Each construction material was scored using average costs per 
square foot based on construction projects with similar designs. A score of 10 represents a 
building frame that can be completed only utilizing 30% of the total budget. For this project, a 
reasonable budget is 40 Million dollars since the past two WPI residence hall projects were 
similar to this budget.  Therefore, a material that can construct the building frame at 12 million 
dollars will receive a score of 10 and for every million above this budget, the score will be 
reduce by one.  From RS Means Cost Data, the least material cost was wood costing $140.00 
per square foot followed by steel at $157.60, precast $161.60, and CIPC $163.90.  The project’s 
total square footage is approximately 100000 square feet.  Therefore, wood received the 
highest rating out of the evaluated construction materials. This criterion was weighted 25/100 
because the cost has a direct impact on the projects feasibility.   
Interior adaptability was identified as a valued aspect for the design. Interior 
adaptability would provide WPI with the option to rearrange or even completely renovate the 
interior layout allowing them to adapt the space based on their current needs.  To allow for 
interior adaptability, the design would include minimal interior structural elements. Each 
material was ranked based on their typical spans. A span of 56 feet or greater scored a 10 and 
one point is deducted for every 5 feet less than 56 feet. Prestressed concrete, steel, and CIPC is 
commonly used for spans over 60 ft., allowing for the use of only exterior load bearing element 
making these construction material the best choices in terms of interior adaptability (Gerdau 
Steel, 2010).  This criterion was weighted 12/100 since while it is a desired feature, adaptability 
is less important to the overall feasibility and success of the project than other criteria such as 
cost and speed of construction. 
Sustainability was another aspect of the project performance evaluation form because 
the longevity of the building can provide better building performance and return on 
investment. Therefore, the construction material was rated based on its typical life expectancy.  
A maximum score of 10 was based off Riley Hall, the oldest residence hall on campus, which is 
88 years old. Construction materials with an estimated life cycle of at least 88 years scores a 10, 
1 point was deducted for every 5 years below 88. This factor was weighted 12/100 because it is 
not essential to the project goals but important consideration in the lifetime efficiency of the 
project. (Cost Modelling Software, 2002). For this aspect, it was assumed that the chosen 
construction material would undergo periodic maintenance to greatly improve the longevity of 
the building.   
Construction scheduling was the final criteria to evaluate the building materials. The 
project has tight scheduling goals so the materials were ranked on their typical time of 
construction. The speed of construction depends on the overall size of the building, and the 
construction schedules for buildings of a similar size and type were used for ranking the 
materials.  A score of 10 is achieved if a material could be erected at a rate of 25,000 square 
feet per month.  Of the four construction materials, precast concrete provides the capability to 
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erect buildings faster than any of the other competing materials based off evidence from case 
studies. This criterion was rated 51/100 because it is essential to achieving the project goals. 
Since precast received the highest total weighted score, it was used to design the new Stoddard 
Residence Hall. (Woodworks, 2013), (Forell/Elsesser Engineers, 2015), (Concrete Products, 
2009). 
6.2: Gravity Loads 
The design of the gravity load resisting system was the first step in the structural design. 
Dead loads, live loads, and snow loads were calculated and provided the necessary information 
to begin the design of the structural members of the new Stoddard Residence Hall. This section 
contains the main results from the gravity load analysis. Refer to Appendix D for detailed 
calculations. 
6.2.1: Dead Loads 
Dead loads are a primary component of the gravity load.  Dead loads are the constant 
force on a structure due to the weight of the members, support structure, and permanent 
attachment of accessories to the building.  In order to accurately calculate the dead loads for 
each room type, the weight per square foot of primary room components was taken into 
account. These elements are represented in Table 14. 
Table 14: Weight of Standard Building Finishes (ASCE 7-10) 
Ceiling PSF 
Acoustical Fiber Board 1 PSF 
Mechanical Duct Allowance 4 PSF 
Plaster on Tile or Concrete 5 PSF 
1 Inch Plaster 8 PSF 
Gypsum Board per 1/8 Inch 0.55 PSF 
Coverings, Roof, and Wall  
Five-ply Felt and Gravel 6 PSF 
Floors and Floor Finishes  
Concrete Fill per Inch 12 PSF 
Linoleum or Asphalt Tiles per 1/4 Inch 1 PSF 
Terrazzo per 1.5 Inch 19 PSF 
Carpet & Pad 2 PSF 
Ceramic/Quarry Tile on 1/2 in Mortar Bed 16 PSF 
Frame Partitions/Walls  
Moveable Steel Partitions 4 PSF 
Wood Stud 2x4 Plastered Two Sides 20 PSF 
Gypsum Sheathing 1/2 Inch Thickness 2 PSF 
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The dead load of the partition walls required additional calculation. The original load 
given for the partition walls referred to the square foot of the wall area, which created a line 
load on the floor.  These partition loads were converted to area loads which is a uniform load 
across the floor. 
Using the element weight from Table 14, the weight per square foot of floor area for 
each room in the new Stoddard Residence Hall was calculated.  The weight per square foot was 
determined by the summation of all the elements pertaining to each room.  The weight per 
square foot of floor area is quantified in Table 15. 
Table 15: Dead Loads for Specified Areas (not including self-weight of structural members) 
Rooms PSF 
Roof 45 
Computer Lab 60.24 
Common Room 62.14 
Study Space 63.12 
Classroom 63.21 
Storage (Sub-Basement) 66.9 
Break Room 67.69 
Bike Storage 72.39 
Laundry 72.39 
Lobby 74.11 
Conference Room 75.43 
Bathroom (Large) 80.17 
Residence Room 83.28 
Office/Exam Room (Basement) 84.87 
Office/Exam Room (Sub-
Basement) 
88.6 
Tech Suite 89.6 
Bathroom (Basement) 89.8 
Mechanical Room 93.01 
  
The value 89.6 psf was used as a universal dead load for the design of the structural 
elements. This value was chosen because it is the nearly the largest dead load that will be 
supported by the beams and the tech suite room style is frequently used in the building.  The 
mechanical room’s dead load of 93.01 psf was not used because it is supported by the slab-on-
grade. The basement bathrooms’ dead load of 89.8 psf was not used since it only exists in the 
building in one specific spot and were located at the end of double-T beams; therefore, having 
a small impact on the moment of the double-T beams. 
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6.2.2: Live Load 
Live loads are another main component of the design gravity loads. The live load 
accounts for the load of people and other objects that are not permanent. Live loads were 
provided by ASCE 7-10 for specific areas used in the building. Live loads change overtime, so the 
nominal design values are more general than dead loads. Table 16 lists the live loads for various 
rooms in the residential hall. 
Table 16: ASCE Live Load Standard Values for Relevant Areas 
Live Load Factors ASCE 7-10 Standard 
Classrooms 40 psf 
Corridors 100 psf 
Lobbies 100 psf 
Residential Areas 40 psf 
Roofs 20 psf 
  
Due to the possibility of a change in the use of space, 100 psf was used as the uniform 
live load throughout the building to promote flexibility. The roof live load used was 20 psf which 
assumed an ordinary flat roof that would not be used for regular occupancy. 
6.2.3: Snow Loads 
Snow loads also contribute to the gravity load, particularly in New England. To 
determine the snow load on the new Stoddard Residence Hall the procedure outlined in ASCE 
7-10 was followed. The roof of the new residence hall is flat so the flat roof snow load (pf ) is 
given by the following equation: 
𝑝𝑓 = 0.7𝐶𝑒𝐶𝑡𝐼𝑠𝑝𝑔 
Figure 25: Snow Load Equation 
Table 17: Snow Load ASCE Parameters 
Factor Definition ASCE 7-10 
Reference 
Value 
Ce Exposure Factor Table 7-2 1.0 
Ct Thermal Factor Table 7-3 1.0 
Is Importance Factor Table 1.5-2 1.10 
pg Ground Snow Load Figure 7-1 50 lb/ft2 
Pf = 42.35 psf 
  
Drift effects due to varying roof heights were neglected since the geometry of the any 
roof top mechanical equipment or extruding structures was not known. To compensate, a 
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conservative exposure factor of 1.0 for partially exposed was used over the less conservative 
fully exposed exposure factor.  
6.3: Floor Spans 
The new Stoddard Residence Hall was designed using precast double-T beams, hollow 
core, and L beams. These beams acted as structural floor spans that transferred the gravity 
loads to the load-bearing walls which led to the foundation of the building.  The beams were 
designed to withstand the loads while controlling the total cost of the building by creating 
common beam parameters. This section presents the main results of the design of the 
structural floor members. Refer to Appendix E for detailed calculations. 
6.3.1: Double-T Beams 
The majority of the precast beams used in the new Stoddard Residence Hall structural 
design consisted of prestressed double-T beam members.  Prestressed double-T beams are an 
effective beam section for this application because they can resist larger loads and span larger 
distances than any other common precast beam strategy.  Fourteen different unique beams 
were designed for the new Stoddard Residence Hall shown in Table 18. Table 18 represents the 
quantity of double-T beams necessary to construct the roof and one main level of the new 
Stoddard Residence Hall. The design attempted to limit the variety of precast pieces to make 
fabrication and erection easier.  
Table 18: List of Double-T Beams used in the Design 
Double-T Beam 
Section 
 Quantity Height (in) Width (ft)   Span (ft) 
1 2 24 8 36 
2 13 32 8 56 
3 2 24 10 34 
4 7 24 10 48 
5 2 32 10 56 
6 21 28 12 36 
7 4 28 12 42 
8 2 26 8 36 
9 13 34 8 56 
10 2 26 10 34 
11 7 34 10 48 
12 2 34 10 56 
13 21 34 12 36 
14 4 34 12 42 
 
The principle dimensions of the double-T beams were established using the PCI design 
tables.  However to design the proper amount of steel reinforcing strands and refine the design 
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parameters, an Excel spreadsheet was developed to identify the dimensions and prestressing 
design for each beam.  The key double-T beam design factors include: 
 Section Properties 
 Prestressing Strands/Prestressing Losses 
These categories affect how the double-T beams react to three critical phases of fabrication 
and erection: transfer section at release, midspan at release, and midspan at service load.  If 
the beam experiences cracking during any of these three phases it had to be redesigned. 
Additionally, the design was checked to ensure it meet deflection requirements.  
Once the double-T beam’s steel strands and concrete properties were successfully 
calculated, the end design was developed.  The double-T beams were connected to loading 
bearing walls or L beams using dapper ends.  An image of a dapper end and its reinforcement is 
demonstrated in Figure 26.  
 
Figure 26: Typical Dapped End Reinforcement (PCI Design Handbook) 
Dapper ends allow for the slabs to rest at the same level as the hollow core precast 
planks creating a level floor.  However, these sections experience a large amount of shear force.  
The cracks shown in Figure 26 demonstrate the shear cracking that can occur without proper 
shear reinforcement. Therefore, steel reinforcement was designed for the ends of the double-T 
beams to counteract the shear forces.  Four different reinforcement strands were designed to 
resist the shear at different locations within the dapper connection. 
Figure 27 below demonstrates the layout of the double T-beams in the design. 
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Figure 27: Double-T Beam 
6.3.2: Hollow Core Planks 
The remainder of the floor consisted of hollow core members. They acted as structural 
floor spans of the shorter sections where double-T beams were not structurally efficient. The 
new Stoddard Residence Hall used four unique hollow core planks designs shown in Table 19. 
Table 19: List of Hollow Core Planks used in the Design (PCI Design Handbook) 
Hollow Core 
Plank Section 
Quantity Height (in) Width (ft) Span (ft) 
1 3 6 4 14 
2 6 6 4 21.5 
3 3 14 4 14 
4 6 14 4 21.5 
  
The initial design activities of determining the steel strands and concrete properties 
used the same process as the double-T beams.  However, the hollow core planks did not use 
the same connection strategy as the double-T beams. Hollow core planks did not use dapper 
connections but just simply rests on either load bearing walls or L-beams.  The ends of the 
hollow core were still impacted by shear forces; therefore, reinforcement was designed. Figure 
28 displays a cross section of the hollow core planks used in the new Stoddard Residence Hall. 
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Figure 28: Hollow Core Plank Section (PCI Design Handbook) 
Figure 29 below demonstrates the layout strategy used for the hollow core planks used 
in the new Stoddard Residence Hall. 
 
Figure 29: Hollow Core Plank Layout 
6.3.3: L-Beams 
The L-beams were another structural element that supported the gravity loads of the 
building. L-beams were used near the corners of the building to support the ends of the double-
T beams. The flexural design was similar to the design of the double-T and hollow core plank. 
However, L-beams have the additional concern of torsional effects due to the eccentric loading, 
as well as the shear strength of the ledge. The design of the L-beams had to consider these 
effects.  
The flexural design of the L-beam determined its dimensions. The L beams all spanned 
the same distance, 24 ft. However, the L-beams on the west side of the building supported a 
tributary area that was 28ft deep, as opposed to 24 ft. on the west side. This meant the L-
beams on the west side had to support a larger load. The aim of the flexural design was to use 
the cross section and strand pattern for all the L-beams to use fewer member sizes. The same 
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process as described for double-T beams was used for the L-beams. Prestressing strands were 
placed in the bottom flange of the L-beam to provide increased capacity and reduce 
deflections. Figure 30 shows the general geometric layout of the L-Beams used in the design. 
 
Figure 30: L-Beam Dimensions for Structural Design 
Due to its geometry, the L-beam was subjected to shear and torsional effects. Shear and 
torsional reinforcement were added to the L-beam to provide strength to resist these effects.  A 
six step approach was taken to design for the shear and torsional effects. 
1. Determine the design shear and torsional moment. 
2. Check if torsion can be neglected from the design considerations (If Tu ≤ Tu(min) then 
torsion does not need to be considered). 
3. Check that the nominal torsional moment and shear strengths do not exceed the 
maximum limit. 
4. Determine amount of torsion and shear carried by the concrete which will reduce the 
amount of torsion and shear the reinforcement carries. 
5. Calculate the required area of stirrups to resist the excess torsional moment. 
6. Design longitudinal reinforcement. 
Additionally, special consideration was given to the area where the ledge attaches to 
the beam web. The first consideration was for the shear strength of the ledge. The shear 
strength of the ledge was calculated and compared to the factored design shear. If the design 
shear was greater than the shear strength, as is the case for the L-beams in this project, the 
design of additional reinforcement was required. This reinforcement includes direct shear (As) 
which resists vertical cracks in the beam. Next, the reinforcement (As) for transverse bending of 
the ledge was determined and the larger value of As was used in the design. The longitudinal 
reinforcement (Al) to resist the longitudinal bending of the ledge was determined. The required 
steel to attach the ledge to the web (Ash) was determined using a modification factor, m, 
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provided in PCI Table 4.5.4.1. The last reinforcement (Awv) was required to resist out-of-plane 
bending near the beam end. The required reinforcement is summarized in Table 20. 
Table 20: Final L-Beam Torsion & Shear Reinforcement 
Type of Reinforcement Required Reinforcement Design Reinforcement 
Direct Shear (As) 0.36 in2 - 
Transverse Bending of Ledge (As) 0.60 in2 #4 bars @ 12” spacing 
Longitudinal Bending of Ledge (Al) .27in2 1#4 bar on top and 
bottom (0.40in2) 
Attachment of Ledge to Web (Ash) .19in2/ft #4 bars @ 12” spacing 
Out-of-Plane Bending Near Beam End 
(Awv) 
.17in2 2#3 bars (0.22in2) 
  
Figure 31 below demonstrates the layout of the L-beams used in the new Stoddard 
Residence Hall. 
 
Figure 31: L-Beam Layout 
6.4: Lateral Loads 
Lateral Loads are a critical factor in building design. Buildings need to be able to resist the lateral 
forces they are subjected to. The two main types of later forces are Wind and Seismic. This section 
covers the calculation of the wind and seismic loads acting on the new Stoddard Residence Hall. Refer 
to Appendix F for detailed calculations. 
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6.4.1: Wind Loads 
Wind loads are a common lateral force buildings are subjected to. Wind loads tend to 
create a positive force, pushing the building on the windward face and create a negative force, 
pulling the building on the leeward face. To determine the lateral forces acting on each face of 
the building four different scenarios were investigated: wind blowing east to west, west to east, 
north to south, and south to north. The analytical procedure for regular shaped buildings and 
structures method was used as outlined in ASCE 7-10 Chapter 6. 
Table 21: Wind Load Calculation Parameters (ASCE 7-10) 
ASCE Chapter 6 Factors Section Figure/Table Values 
Enclosure Classification    
Classification 6.5.9  Enclosed 
Basic Wind Speed    
V (ft/s) 6.5.4 Figure 6-1 100 
Wind Load Importance Factor    
Iw 6.5.5 Table 6-1 1.15 
Wind Exposure Category    
B 6.5.6  B 
Wind Topographical Factor    
Kzt 6.5.7  1 
Internal Pressure Coefficient    
GCpi 6.5.11.1 Figure 6-5 ±0.18 
Wind Directionality Factor    
Kd 6.5.4 Table 6-4 0.85 
Velocity Pressure Exposure 
Coefficient 
   
Kz 6.5.6 Table 6-3 0.85 
Gust Effect Factor    
G 6.5.8.1  0.85 
Velocity Pressure    
qz (psf) 6.5.10  21.27 
qh (psf) 6.5.10  17.52 
Design Wind Pressure   (+GCpi) (-GCpi) 
p (psf) Windward 6.5.12  13.69 17.62 
p (psf) Leeward 6.5.12  -10.60 -4.29 
p (psf) Side Wall 6.5.12  -13.58 -7.27 
Wall/Roof Pressure Coefficient    
Windward Cp 6.5.11.2.1 Figure 6-6 0.8 
Leeward Cp 6.5.11.2.1 Figure 6-6 -0.5 
Side Wall Cp 6.5.11.2.1 Figure 6-6 -0.7 
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The design wind pressure was calculated by the follow equation: 
𝑝 = 𝑞𝐺𝐶𝑝 − 𝑞𝑖(𝐺𝐶𝑝𝑖)lb/ft
2 
Figure 32: Design Wind Pressure 
6.4.2: Seismic Loads 
Seismic Loads also exert a lateral force on the building. ASCE 7-10 chapter 11 and 12 
provided the process for determining the seismic forces. These chapters provided the equations 
to calculate the base shear and the forces acting on each story. The required coefficients for 
these equations are outlined in Table 22. Since detailed information of the soil was not known, 
site class D was assumed in accordance with ASCE 7-10, section 11.4.2.  
Table 22: Seismic Force Calculation Parameters (ASCE 7-10) 
Factor ASCE 7-10 Reference Value 
Ss Figure 22-1 .24 
S1 Figure 22-2 .067 
Fa Table 11.4-1 1.6 
Fv Table 11.4-2 2.4 
SMS Sect. 11.4.3 .384 
SM1 Sect. 11.4.3 .161 
SDS Sect. 11.4.4 .256 
SD1 Sect.11.4.4 .107 
Seismic Design 
Category 
Table 11.6-1 B 
Ra Table 12.2-1 4 
Ie Table 11.5-1 1.25 
Cs Sect. 12.8.1.1 0.08 
hn  60 
T0 Section 11.4.5 0.08 
TS Section 11.4.5 0.42 
TL Figure 22-15 6.00 
Ta Section 12.8.2.1 0.12 
k Section 12.8.3 1 
  
Using these coefficients, the vertical distribution of seismic forces was calculated. First 
the base shear was calculated by: 
 𝑉 = 𝐶𝑠𝑤 (equation 12.8-1) 
Figure 33: Base Shear Equation 
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where w was the effective seismic weight of the building. This was the total shear force that 
acts at the base of the building. This force was distributed to the floors of the buildings based 
on the following equations: 
𝐹𝑥 = 𝐶𝑤𝑥𝑉 (equation 12.8-11) 
Figure 34: Force Distribution per Floor 
where Cvx was the vertical distribution factor given by: 
𝐶𝑣𝑥 =
𝑤𝑥ℎ𝑥
𝑘
∑ 𝑤𝑖ℎ𝑖
𝑘𝑛
𝑖=1
 (equation 12.8-12) 
Figure 35: Vertical Distribution 
Table 23: Seismic Force Acting on Each Story 
Force at each Floor Kips 
Fxb 83.41 
Fx1 233.41 
Fx2 408.46 
Fx3 583.51 
Fxr 692.94 
Total 2001.74 
 
6.5: Load Bearing Wall Design 
The new Stoddard Residence Hall was designed using loading bearing precast wall 
panels with steel strand reinforcement to transfer the gravity loads to the foundation. The 
design used a typical sandwich wall design illustrated in Figure 36. It had to be determined 
whether the walls were governed by slender or short column design. This section presents the 
results of the bearing wall design. Refer to Appendix G for detailed calculations. 
 
Figure 36: Cross Section of Typical Load Bearing Wall Panel (Concrete Sandwich Walls, 2015) 
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A typical load bearing wall member section was designed for the new Stoddard 
Residence Hall. The typical wall section was chosen from the wall that exists on the sub-
basement since it was subjected to the greatest loads. Th 
e principle elements of the typical wall are shown in Table 24. 
Table 24: Final Design Parameters for Typical Bearing Wall 
Height Depth Length Bar Number Tie Number 
12 in 12 ft 32 ft # 10 #3 
  
A five step design process was used to develop adequate load bearing precast wall panels 
(Darwin, Dolan, & Nilson, 2010). 
1. Initial Dimension/Wall Design 
2. RISA Structural Analysis 
3. Slenderness Evaluation 
4. Short Column Design 
5. Ties Design 
These steps were essential to identifying the proper specifications of the wall panel.  
The first step required using RISA to perform the structural analysis. It was used to determine 
the axial, shear and moments acting on the load bearing walls. The frame was modeled in 2D 
and was analyzed for a variety of load cases. Figure 37 below displays the results from the 
analysis for the load combination of 1.6L+1.2D+0.5S, which yielded the largest reactions.  
 
 
 
 
 
 
 
 
 
 
 
Figure 37: Axial and Moment Results from RISA 
  
78 
 
Once the information was gathered from RISA, the panels were tested for slenderness.  
Slenderness was essential to determine whether the panels would be designed using a short 
column design in which secondary effects are small or as slender columns design in which 
secondary effects are much greater factor.  The ratio of the effective length to thickness was 
sufficiently small for the walls to be considered short columns. 
Concrete column design involves creating an interaction diagram. The total capacity of a 
column is determined based on a combination of axial forces and bending moments. The 
relationship between axial strength and bending strength creates the interaction diagram. If the 
combination of load factors for axial forces and bending moments is within the interaction 
curve, the column is sufficiently strong. The interaction curve for the bearing wall is shown in 
Figure 38. It shows that the design as specified in Table 24 is sufficient.  
 
Figure 38: Interaction Diagram of a Typical 12' Load Bearing Wall Section 
The final aspect of the load bearing wall was the tie design. The axial reinforcement is 
held together using ties. The ties have a maximum spacing determined by ACI 318 to prevent 
shear failure. Additionally, the ties have to be a minimum size, dependent on the size of the 
axial reinforcement. 
Figure 39 and Figure 40 below demonstrates the wall panel exterior elevation and the 
typical wall cross section used for the new Stoddard Residence Hall. 
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Figure 39: Typical Architectural Wall Panel Elevation 
 
 
Figure 40: Wall Details 
6.6: Shear walls 
Shear walls were used as the lateral force resisting system for the new residence hall. 
Shear walls act of vertical cantilever beams which transfer the lateral load to the foundation. 
The shear walls were oriented along the primary and transverse axis to resist lateral loads 
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acting in orthogonal faces of the building. This section contains the main results from the shear 
wall design. Refer to Appendix H for detailed calculations. 
The first step of the shear wall design was to create a preliminary shear wall layout. At 
least three non-collinear walls were used to ensure torsional and lateral resistance was 
provided. Additionally, bearing walls were primarily used for shear walls since the load they 
carry helps resist overturning. The preliminary shear wall layout is shown in Figure 41. 
 
Figure 41: Preliminary Shear Wall Layout 
After the locations of the shear walls were defined, the first step in the shear wall design 
was to determine the shear in each wall. It was assumed the diaphragms were rigid which 
implies that shear is distributed relative to each wall’s relative stiffness. The factored 
earthquake and wind loads were calculated, and the larger was taken as the governing force. 
This design only considered the larger of these two factored loads, which was the base seismic 
load. This shear is distributed to each wall in proportion to be relative stiffness.  The center of 
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rigidity of the building was located to determine the torsional moment acting on each of the 
walls. The combination of direct shear and torsional moment was used to determine the shear 
acting on each wall.  
 
Figure 42: Rotation Caused by Asymmetric Shear Walls (PCI Design Handbook) 
The second step in the shear wall design was to calculate the required tensile 
reinforcement to resist the overturning moment. The tensile reinforcement was designed 
based on the forces acting on each precast panel on the sub-basement level of the building. The 
overturning moment and the dead load on each wall were calculated. The reinforcement was 
placed vertically near the ends of the precast shear wall panels to resist the force caused by the 
overturning moment and dead load, Tu.  
 
 
Figure 43: Forces Acting on Shear Wall Panel (PCI Design Handbook) 
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The initial design shown in Figure 41 provided enough strength to resist the overturning 
moment in the East/West direction; however, the amount of reinforcement needed in the North/South 
direction could not feasibly be put in the walls. A new shear design wall layout had to be created. The 
redesign added shear walls in the North/South direction with the aim of having roughly the same total 
length of shear walls facing North/South as East/West. The redesigned shear wall layout is shown in 
Figure 44. 
 
Figure 44: Final Shear Wall Layout 
The final tensile reinforcement for the shear walls is shown in Table 25. Reinforcement 
was selected that exceeded the minimum required reinforcement and where the required 
reinforcement was not much different the same reinforcement was used for greater 
standardization.  
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Table 25: Required Reinforcement for Shear Walls 
Wall Required Tension Reinforcement Design Reinforcement  
North and South Direction 
A  9.27 in2 8#10 bars (10.16 in2) 
B  2.94 in2 3#10 bars (3.81 in2) 
C 1.18 in2 3#10 bars (3.81 in2) 
D 1.62 in2 3#7 bars (1.80 in2) 
East and West Direction 
E 0.77 in2 2#6 bars (0.88 in2) 
F 1.24 in2 3#6 bars (1.32 in2) 
G 2.08 in2 2#10 bars (2.54 in2) 
H 1.08 in2 2#7 bars (1.75 in2) 
I 2.76 in2 3#9 bars (3.00 in2) 
   
The final step in the shear wall design was to design the horizontal stirrups to prevent 
failure from shear. The shear reinforcement was designed for the base floor where the shear 
from the lateral forces was the greatest. The shear walls act as cantilevered beams and are 
subjected to shear forces. The concrete has shear capacity, but excess shear has to be carried 
by reinforcement. The spacing of the shear reinforcement is limited to a maximum spacing to 
ensure adequate strength. The design assumed the use of no. 3 stirrups for the shear 
reinforcement. The shear reinforcement design is outlined in Table 26. 
Table 26: Spacing of Horizontal Stirrups in Shear Walls 
Wall Spacing of Shear 
Reinforcement 
North and South Direction 
A 10 in 
B 8 in 
C 18 in 
D 20 in 
East and West Direction 
E 15 in 
F 19 in 
G 10 in 
H 20 in 
I 20 in 
 
The combined results of the overturning and shear design are shown in Figures 45 and Figure 
46. 
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Figure 45: Shear Wall A Cross Section Near End of Wall Panel 
 
Figure 46: Shear Wall Tension & Lateral Reinforcement at Wall End 
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6.7: Diaphragms 
The floor of each level functions as a diaphragm and transmits the lateral forces from 
the floor to the shear walls. This section contains the main results of the diaphragm design. 
Refer to Appendix I for detailed calculations. The diaphragm was designed using the horizontal 
beam analogy. This considered the diaphragm as a horizontal beam. Chords carried the tension 
and compression forces and the collectors carried the shear force as diagramed in Figure 47. 
 
 
Figure 47: Shear and Moment Acting on the Diaphragm (PCI Design Handbook) 
The cord design was the first step of the diaphragm design. The moments at midspan 
and the end regions on each side of the buildings were calculated. The required reinforcement 
for the cords was then determined. The second step was the collector design which was based 
on the shear forces acting along the concrete from the exterior wall to the shear walls. The 
diaphragms were designed separately for load applied in the North/South direction and 
East/West direction. The critical reinforcing from these two designs was used in the final 
diaphragm design.  
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The diaphragm design for the seismic load acting in the North/South direction is shown 
in Figure 48. 
 
Figure 48: Diaphragm Design for Load in North/South Direction 
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The diaphragm reinforcement for lateral loads in the East/West direction is shown in 
Figure 49.  
 
Figure 49: Diaphragm Design for Load in East/West Direction 
The final diaphragm design took the critical reinforcement from the two previous 
designs. The final diaphragm reinforcement is shown in Figure 50. 
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Figure 50: Finalized Diaphragm Design 
 
6.8: Foundation 
The new Stoddard Residence Hall was designed using a continuous strip footing 
foundation design with steel rebar reinforcement. The foundation design used cast-in-place 
concrete. The concrete foundation with steel reinforcement will withstand the design loads, 
shear, and flexure forces created by the building. The continuous foundation directed these 
forces into the soil beneath the building. This section contains the main results of the 
foundation design. Refer to Appendix J for detailed calculations. 
All of the loads of the building are transferred to the foundation. The foundation design 
was based on the total forces from the entire building. The foundation was designed for a 
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typical wall section of the building. The typical continuous foundation elements are shown in 
Table 27.  
Table 27: Final Design Parameters of Foundation 
Required 
Thickness 
Steel 
Reinforcement 
Width of 
Concrete 
Minimum Depth 
Below Soil 
Length 
18in # 6 w/ 6in 
spacing 
8ft 3ft to top of 
footing 
1188ft 
  
A three step design process was used to design the continuous foundation for the new 
Stoddard Residence Hall (Coduto, 2001). 
1. Loads 
 Width 
 Thickness 
2. Steel Design 
3. Calculation Evaluation 
The first step of the design involved the determining the load that acted on the foundation.  
This design section required calculating the factored and unfactored loads. These unfactored 
loads were necessary to calculate the proper width of the foundation.  The factored loads were 
used to calculate the thickness of the continuous foundation. The thickness of the foundation 
was essential to withstand the shear forces generated by the building. 
The second step involved the lateral and longitudinal steel design within the continuous 
footing.  The steel in the foundation was responsible for resisting the flexural forces created by 
the building. In this section, the steel's spacing, number, and strength was calculated in order to 
check if the lateral and longitudinal steel would not fail due to the flexure forces. 
The final step of foundation design involved checking the minimum lateral steel and the 
development of the longitudinal steel. The check of the lateral steel was to identify whether the 
initial amount of reinforcement will be effective for the foundation. If the minimum lateral steel 
design fails, the steel will have to be redesigned with either more steel or thicker steel 
members. Next, the development length of the longitudinal steel was tested.  The development 
length check tested whether the longitudinal steel was properly stressed to withstand forces 
applied to the steel. This check identified whether the length of the supplied lateral steel is 
greater than the required development length. The new Stoddard Residence Hall foundation 
required four #4 longitudinal rebar steel reinforcements. 
Figure 51 below demonstrates a cross section of the foundation used in the new 
Stoddard Residence Hall. 
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Figure 51: Foundation Cross Section 
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Chapter 7: Project Management 
In this chapter, the construction of the project and the implications for successfully and 
efficiently completing the project within the desired time-frame are discussed. Also, a cost 
analysis is also discussed regarding the cost of the total project based off of RS Means Cost Data 
values. 
7.1: Construction Schedule and Durations 
As previously stated, one of the major goals of this project is to complete the 
construction in one academic summer. The existing Stoddard Complex site is currently used as 
residential housing for college students, and completing the project construction over the 
summer would ensure that no residents are displaced during the academic year. To achieve 
this, a precast concrete design was developed during the structural phase which provides a 
strategy to manufacture concrete pieces off-site and transport them to the construction site. 
Not only can precast pieces be made off-site, but they are also erected within a short time-
frame, typically a few weeks (PCI). Incorporating precast concrete into the design aided in 
keeping the time of construction as short as possible. Fast-tracking, a construction method that 
overlaps different activities to complete construction in a shorter time, was also utilized to 
minimize construction time. 
The construction of the proposed building was divided into eight major activities. These 
major activities were determined using the organization of the CSI Uniformat, with some 
alterations. Section F-Special Construction was not used in this project, and a Close-Out activity 
was added, to create the eight activities. Each activity has a total duration, dictated by the 
durations of each sub-activity within the scope of the eight major activities. The eight major 
activities are listed in the table below with their corresponding sub-activities. 
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Table 28: Major Activities & Sub-Activities 
Activity Sub-Activities 
Substructure 
- Footings 
- Foundation Walls 
- Slab on Grade 
Shell 
- Superstructure 
- Exterior Enclosure 
- Roofing 
Interiors 
- Partitions 
- Interior Doors 
- Fittings 
- Stairways 
- Wall Finishes 
- Ceiling Finishes 
Services 
- Conveying 
- Plumbing 
- HVAC 
- Fire Protection 
- Electrical 
Equipment and Furnishings - Room/Classroom Furnishings 
Special Construction N/A 
Building Sitework 
- Site Assessment 
- Demolition 
- Recycling of Materials 
- Temporary Construction 
Requirements 
- Excavation 
- Underground Utilities 
- Landscaping 
- Patios 
- Walkways/Ramps 
- Exterior Stairs 
Close-Out 
- Cleaning 
- Final Inspection 
- Punch List 
- Move Out 
 
In order to determine the duration of each sub-activity, RS Means Cost Data was 
referenced. Two major types of estimation were used: square foot and unit methods; these 
methods are outlined below. 
7.1.1 Square Foot Estimation Method 
RS Means Cost Data has a publication dedicated strictly to square foot estimation, which 
was used considerably in this project. This reference book lists example buildings and square 
foot costs for different sizes and types of buildings. For example, cost data is given for a 2-3 
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story college classroom and a 2-3 story college dormitory. For these different example 
buildings, each sub-activity has designated unit costs and costs per square foot values based on 
average projects of this size and building type. These costs included material, installation, and 
overhead and profit (O&P).  
A combination of data for both college classrooms and college dormitories were used to 
accommodate for the proposed Living Learning Community design. In the design, the top three 
floors are strictly residential, and the bottom two floors contain classrooms, offices, and other 
academic space, which correlates more closely with a college classroom building. The square 
foot cost data does not include labor or scheduling information, and so a method was 
developed to determine the durations of each sub-activity using the square foot cost data. This 
process remained consistent for all square foot cost estimates in the project, and the step-by-
step process is depicted in Figure 52 below and explained in the following subsections. 
 
Figure 52: Sub-Activity Duration Determination Process 
Identify Sub-Activity & Quantity of Work 
 During the architectural phases of this project, numerous features and overall details for 
the proposed LLC designed building were determined. Based on these features and overall 
details, sub-activities were identified. The quantity of work for each activity was identified 
based on unit or square footage values. These values were used in future steps described 
below. 
Identify Typical Installation Crews 
 The second step in order to use cost data to determine sub-activity durations was to 
determine the typical installation crews required for each sub-activity. This crew information 
was researched using other RS Means Cost Data publications. Most sub-activities had a number 
of different crews that could be utilized to complete a sub-activity; therefore this information 
was averaged to establish a representative crew size. Once all of the typical crews for given sub-
activities were identified, a data table was created using hourly and daily bare costs, daily labor-
hours, and O&P multiplier adjustments. An example table of crews for a given sub-activity is 
seen below in Table 29. These crews represent crews that work on a potential sub-activity, 
based on the research completed. The hourly and daily bare costs depict the hourly and daily 
salaries of the crews; however, these salaries do not include O&P costs for a given sub-activity. 
In order to effectively use these bare cost salaries, in comparison with the unit and square foot 
costs which do include O&P costs, an O&P multiplier adjustment factor was used. An average 
Identify Sub-
Activity and 
Quantity of Work
Identify Typical 
Installation 
Crews
Determine 
the Daily 
Output
Determine 
the 
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multiplier factor of 1.5 was used throughout the calculations for sub-activity durations. Daily 
labor hours were also included to depict the amount of workers in a given crew. For example, 
16 labor hours refer to a two-person crew. Once all of these values were organized for each of 
the crews, these numbers were averaged to get one value for bare costs, labor hours, and O&P 
multipliers.  
Table 29: Typical Installation Crews for Plumbing Systems 
Crew No. Bare Costs Labor Hours per Day O&P Multiplier 
 Hour Daily   
1 Plumber 53.60 428.80 8 1.49 
Q-18 151.50 1212 24 1.49 
Q-14 84.40 675.20 16 1.55 
1 Asbestos Worker 46.90 375.20 8 1.55 
Q-1 96.50 772.00 16 1.49 
Q-2 150.10 1200.80 24 1.49 
Q-6 151.50 1212.00 24 1.49 
2 Plumbers 107.20 857.60 16 1.49 
Average 105.21 841.70 17 1.5 
 
All of the typical crews and their corresponding sub-activities are defined in Appendix L. 
Determine the Daily Output 
Using the average labor values for the sub-activity crews, the daily output of each crew 
was determined using the following formula. 
 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑟𝑒𝑤 𝐵𝑎𝑟𝑒 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝐻𝑜𝑢𝑟
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑆𝑞𝑢𝑎𝑟𝑒 𝐹𝑜𝑜𝑡
× 8 𝐻𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝐷𝑎𝑦 
Figure 53: Sub-Activity Daily Output (ft2/day) 
 
This formula calculated the daily output of one crew for a specified sub-activity. Based on the 
information provided in RS Means Cost Data, installation costs per square foot were used to 
determine the daily output value in square feet per day. The calculation process is depicted in 
Appendix L. 
Determine the Number of Crews 
 The daily output values were determined for the work that can be performed in one day 
by one crew. One method to increase production and fast-track the construction schedule was 
to increase the number of crews working on each sub-activity. For some sub-activities this was 
not possible, for example, construction of the elevator. There is only one elevator shaft, and 
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having multiple crews would not increase production. However, for some sub-activities, this 
method would be useful, for example, painting.  
For a sub-activity such as painting, more crews could be accommodated because the 
sub-activity spans a large square area. Since there are five floors, there could be five crews, 
each working on a different floor simultaneously. To further increase production, there could 
be multiple crews per floor, each working on a different hallway. The top three floors have four 
major hallways, and the bottom two floors only have one major hallway. Decisions on the 
number of crews used were made for each sub-activity. The decision process examined the 
type of activity and the area of the building it covered. Values for the number of crews used 
were included in the table in Appendix K, and used as a multiplier factor when determining the 
overall daily output. 
Determine the Sub-Activity Duration 
Establishing the duration of the entire project required using the information obtained 
from the previous steps to determine labor information. This information was combined with 
square footage quantity data for the proposed building. The calculation method was used to 
obtain duration values for each sub-activity. The floor square footage of the selected area was 
specified for each sub-activity. This quantity was then divided by the product of the daily output 
and the number of crews, for which both values were determined in the previous steps. This 
quotient was then divided by the average O&P multiplier value to adjust for O&P costs included 
in the RS Means Cost Data. The formula is shown below in Figure 54. 
 
[
𝐹𝑙𝑜𝑜𝑟 𝑆𝑞𝑢𝑎𝑟𝑒 𝐹𝑜𝑜𝑡𝑎𝑔𝑒
𝐷𝑎𝑖𝑙𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑟𝑒𝑤𝑠
] × [
1
𝑂&𝑃 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟
] 
Figure 54: Estimated Duration Based on Square Footage 
7.1.2 Unit Estimation Method 
Although a generalized square footage calculation process was utilized for some sub-
activities, a unit estimation method was used when possible for a more accurate estimation. 
The unit estimation method allows for the duration to be more accurately calculated due to its 
reliance on actual quantities of elements that were defined within the scope of the project. For 
example, the precast concrete pieces were designed within the structural phase of the project, 
meaning that the information was available for the exact number of pieces required and the 
required dimensions of each piece.  
Unlike the square foot data, the unit cost data in RS Means includes a value for the daily 
output as well as a unit cost. Therefore, many steps that were necessary for the square footage 
method were not needed. The following equation shown in Figure 55 was used to determine 
the duration value of these sub-activities. 
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[
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑈𝑛𝑖𝑡𝑠
𝐷𝑎𝑖𝑙𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑟𝑒𝑤𝑠
] 
Figure 55: Final Unit Duration 
This method did not need to use an adjustment factor of the O&P Multiplier because cost data 
was not used to determine the daily output values. 
7.1.3 Construction Methods and Logistics 
 Additional factors for logistics and scheduling were considered when planning the 
construction and creating the schedule durations. 
 Mobilization of equipment from the contractor’s office to the construction site takes 
time and must be factored into the schedule. However, in this schedule, mobilization time was 
not included. This time depends on which contractors and subcontractors are chosen for the 
project, and the distance from their office to the site affects the time and schedule of 
mobilization. Another factor is whether or not the company owns the equipment or leases it, 
and the time and cost to move this equipment to the site. 
 When selecting a contractor or subcontractor for the project, the timeline and schedule 
goals of the project should be conveyed. If possible, the company should work to fast-track the 
mobilization to eliminate any time delay. For example, if equipment is needed for an activity 
starting on day three, the equipment for this activity should be mobilized so that it will arrive 
and be ready for the start of the activity on day three with no delay or added time.  
 Storage and placement of materials and equipment while not in use is another factor to 
be considered during the planning of the construction phase. Hackfeld Parking Lot, a parking lot 
on the West side of the site, as shown in Figure 56, is available to be used for storage during 
construction. The black outline shows the construction site, and the red line outlines the 
parking lot available for storage. Because this area is adjacent to the site, no additional time or 
transportation cost will be needed for the storage or placement of materials and equipment 
when not in use, meaning that this will not affect the project schedule or cause any delay. 
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Figure 56: Hackfeld Parking Lot Storage Area  
The use of precast concrete in the building structure allows for time to be saved during 
the construction of the shell and superstructure. Precast is a type of concrete that is 
manufactured in pieces off-site and transported to the site for erection. Although the delivery 
schedule depends on the precast subcontractor and fabricator selected for the project, it was 
assumed that there would be no delay for the transportation of the precast. Similar to the 
mobilization, the subcontractor must be informed of the timeline of the project. It is assumed 
that the precast pieces would be transported using a crane on Hackfeld Rd. to the site and 
stored in the Hackfeld Lot area until needed for erection. 
The final area of consideration during the construction phase is the impact of 
construction on the neighboring properties and residents. Although the goal of the project is to 
fast-track the construction schedule to be completed over one summer, scheduling work for 
nights and weekends has an impact on the neighboring communities. The central strategy to 
increase productivity was to increase the number of crews working during the day and regular 
hours. Overtime was avoided in order to minimize the impact of construction on the 
neighborhood. However, Saturdays were included as working days for the project, but night 
work and Sundays were avoided. 
Demolition Recycling 
As previously described in the LEED section of this report, dumpsters of construction 
waste will be taken to the Westborough, MA recycling facility of E.L. Harvey & Sons. LEED 
Certification points can be obtained by recycling demolition waste. With the demolition 
duration estimated to be about three weeks, 5568 cubic yards of construction waste material 
must be delivered to Harvey each week. In order to accomplish this goal, multiple dumpster 
deliveries must be completed each day. For example, five 40-cubic yard dumpsters would each 
have to make five deliveries per day. There would be a scheduling plan necessary in order to 
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have a cycle of deliveries organized every day. Arterials roads would be relied upon to provide a 
direct route from the demolition site to the recycling facility, aiding in the transportation 
process schedule of the waste. A detailed plan of the transport route was not created; 
however, important factors to consider when determining a route of transport were analyzed. 
These factors include average traffic rates, as well as the area the route travels through and the 
type of road (ex. city streets, rural backroads, or suburban highways). 
Other Factors to Consider 
The sub-activities and total durations were assumed under perfect conditions; however, 
this is not always the case in construction projects. The overall schedule and durations of some 
activities may change due to outside factors that must be considered. First, the skill of the 
workforce directly affects the productivity and daily outputs. A more experienced crew could 
work more efficiently than the production numbers assumed to create the schedule; however, 
a less experienced crew could work less efficiently. Another factor to consider is the delivery of 
materials, supplies, and equipment to the site. If the fabricator is delayed, or shipping is behind 
schedule, that could affect the ability to continue construction as scheduled. The final area of 
consideration is the chance of acts out of anyone’s control, sometimes called “Acts of God”. 
These factors include inclement weather or natural disasters. These could all set the project 
much behind schedule, although they cannot be prevented. None of these considerations or 
delays were included in the proposed schedule, but they are factors to consider when planning 
the final construction schedule. 
7.1.4 Final Durations 
 The previous methods were used to estimate the duration of each sub-activity. These 
sub-activities dictate the duration of each of the eight major activities.  These duration results 
and calculations are shown in detail in Appendix N. 
  The goal duration of the project was to be completed over one academic summer. 
Based on a typical WPI academic schedule, classes end in the beginning of May and start for the 
next academic year in the end of August; however, a few days must also be left as a buffer to 
allow students time to move in and out of the residence hall. The average duration of the 
resulting time available on site would be about 77 working days, meaning Monday through 
Friday. With Saturdays included as working days, the total project duration goal would be 93 
days. As previously stated, overtime will be avoided; however, Saturdays were necessary to 
complete the project on time. Therefore the goal project duration was 93 days. 
Fast-Tracking Method 
 To aid in the completion of the construction phase within the time frame of one 
academic summer, a fast-tracking method was devised. With this scheduling method, certain 
construction activities and sub-activities were overlapped in order to complete more work 
within a given time frame. However, some activities cannot be overlapped, and the beginning 
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of one activity is dependent on the completion of another activity; this is called the critical path. 
Other construction activities and sub-activities can be overlapped based on the critical path. 
The Gantt Chart, seen below in Figure 57, provides a different visual representation of 
the schedule. It shows the eight major activities of construction and their spans and durations 
in a bar chart format. This chart also shows the critical path of activities, highlighted in red. It is 
shown by the critical path that there is no overlap in spans of these activities; these activities 
are the shortest path to completion, and the critical path is used to determine the overall 
project duration. Based on the critical path shown in this chart, the total project duration will 
be 84 days, based on a 6 day work week. This leaves 7 days for any setbacks, and it also allows 
for the Saturday work to be planned according to the activities. Some activities are less 
disruptive to the neighborhood, for example, interior work rather than demolition or 
excavation. The extra days in the schedule will allow for all disruptive work to be completed 
during the work week and only non-disruptive work to take place on Saturdays. 
 
Figure 57: Gantt Chart 
7.2: Cost Analysis 
 This section includes the methods and formulas used to create the cost analysis for each 
element of the project. Cost data from similar projects was used for comparison, and this data 
is analyzed in this section. The total project cost was determined and then compared to the 
project cost of the similar projects. 
7.2.1 Methods of Cost Estimation 
As discussed in the Background Chapter, there are a number of different types of cost 
estimates. This project used two types: square foot cost estimate and unit cost estimate. For 
these estimates, RS Means Cost Data was used. Due to the design of the building as a “mixed 
use facility”, two different sections of cost data had to be used. This method is outlined in Table 
30 below. 
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Table 30: RS Means Cost Data 
Floor Type of Cost Data Reference 
Floors 1,2, and 3 2-3 Story College Dormitory RS Means Square Foot Cost 
Data, pg. 38 
Basement and  
Sub-Basement 
2-3 Story College Classroom RS Means Square Foot Cost 
Data, pg. 36 
 
Square foot costs require less detailed design parameters; therefore, this was used for 
building components outside of the MQP’s scope of design work. For example, HVAC is typically 
installed as one total system. This cost can be estimated based on the square footage of a 
building because this will dictate the size of the system necessary. Square foot cost estimates 
were calculated using the following equation in Figure 58 below. The cost per square foot value 
in this equation includes the material, equipment, and installation cost of a given construction 
activity. This is to help provide a more accurate cost estimation.  
(𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑆𝑞𝑢𝑎𝑟𝑒 𝐹𝑜𝑜𝑡) × (𝑇𝑜𝑡𝑎𝑙 𝑆𝑞𝑢𝑎𝑟𝑒 𝐹𝑜𝑜𝑡𝑎𝑔𝑒) 
Figure 58: Square Foot Cost Estimation Equation 
 The other type of estimate used was a unit cost estimate. This requires more detailed 
information, but will provide more accurate cost estimations. For example, due to the 
structural phase of the project, precast designs and piece counts were available to provide a 
detailed cost estimation from RS Means. Unit cost estimates were calculated using a similar 
equation to square foot cost estimate, and the equation is shown in Figure 59 below. Again, the 
cost per unit value in this equation includes the material and installation cost of a given 
construction activity. 
(𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑈𝑛𝑖𝑡) × (𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑈𝑛𝑖𝑡𝑠)  
Figure 59: Unit Cost Estimation Equation 
7.2.2 Total Project Cost 
From the above defined cost equations, the final costs were calculated and compiled to 
determine the total cost of the construction phase. These values are depicted in Table 31 
below. These cost values include material and labor cost, but not O&P costs. 
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Table 31: Total Construction Cost 
Activity Total Cost 
Substructure $125,334 
Shell $5,376,794 
Interiors $2,360,752 
Services $4,121,485 
Equipment and Furnishings $867,660 
Building Sitework $737,744 
Total Construction Cost:   $13,469,705 
 
The project costs for East and Faraday Hall represent the total project costs. In addition 
to the construction cost, the total project cost also includes fees, overhead, and profit costs. In 
order to make a consistent cost comparison with the construction of these two other residence 
halls, the total project cost for the proposed building was determined. Using RS Means Square 
Foot Cost Data, there is a recommended estimated percentage of the construction cost that 
comprises these additional O&P costs. 
Table 32: Total Project Cost (Without Overtime) 
Total Construction Cost $13,469,705 
Contactor Fees (General Requirements, O&P) (25%) $3,367,426 
Architect Fees (10%) $1,346,971 
Location Factor  1.10 
Inflation Factor 1.13 
Total Project Cost $22,597,074 
 
Another component of the cost estimation was the consideration of overtime cost. A 
total of eight Saturdays, overtime days, were factored into the project schedule in order to 
complete the project within the goal duration. Using variables depicted in Table 33 below, the 
cost of the overtime work was determined to be about $893,755. This cost is not included in 
the Total Project Cost, and it would be an additional project cost if overtime work was 
performed. 
Table 33: Total Overtime Cost Data 
Total Labor Cost (47% of total cost) $6,330,761.58 
Percentage of Overtime Work 9.41% 
Overtime Cost Factor 1.5 
Total Overtime Cost $893,754.58 
 
This cost is on the low end of the budget goal because of several factors that are not 
included in the cost. As stated, mobilization and punch list costs are not included in this 
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estimate because they vary for every project. Space was allocated for the Health Services Office 
to be relocated into the new building; however, these costs were not included because some 
equipment will be transferred from the existing office. Another component not included is the 
cost of LEED Certification and building components included to achieve this certification. LEED 
components vary for each project; this project identified one way to achieve certification. Not 
including the LEED costs in this analysis allows for LEED Certification to be achieved through a 
number of different methods, and this cost can simply be added to the total construction cost 
to obtain a more accurate estimate.  
7.2.3 Cost Comparison Data 
The target project cost for the proposed building was based on the total cost of East and 
Faraday Hall, two residential buildings on the WPI campus that were constructed within the 
past seven years. Summary cost information for these two buildings is shown in Table 34 below, 
including the total cost, square footage, capacity, and parametric costs. 
Table 34: Summary Cost Information 
Residence Hall Total Cost Square 
Footage 
Capacity (# of 
students) 
Cost/sf. Cost/bed 
East Hall $38,885,191 103,000 sf. 232 $378 $167,609 
Faraday Hall $36,988,000 89,000 sf. 258 $416 $143,364 
Proposed 
Stoddard Complex 
$22,597,074 98,992 sf. 449 $228 $50,328 
 
The square foot areas of the three buildings being compared are similar; however, the 
proposed Stoddard Complex has a much larger capacity. Therefore, the cost per square foot 
and the cost per bed are much lower for the proposed building, due to the different styles of 
residence hall. Compared to the recently constructed WPI projects, this proposed project has a 
lower cost for a number of reasons. 
Both East and Faraday Hall are apartment-style residence halls, which is much different 
than the traditional dormitory style of the proposed Stoddard Complex redesign. Although 
direct comparison of cost between the proposed design and the residence halls is not accurate, 
the information in Table 34 did provide a basis for the amount WPI is willing to spend on a 
residence hall, and what the approximate cost is per square foot as well as per student it 
houses. This cost data was adjusted to reflect the traditional dormitory style of the proposed 
building. Apartment style residence halls have a greater number of amenities including 
bathrooms and kitchens in every suite, which greatly increases the cost. Therefore, the target 
project cost was estimated to be less than the cost of these projects, between $20,000,000 and 
$30,000,000. For the number of students accommodated by the proposed building and the LLC 
features offered, this range was found to be reasonable for the project as shown by the cost 
per bed ratio, and the total project cost fell within this range.  
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Chapter 8: LEED Certification  
This Chapter is an overview of the steps taken within each phase of the design process 
to obtain LEED Certification for the new Stoddard Complex. First, a checklist was created in 
order to describe areas of focus for each of the phases, such as developing a site layout, 
architectural design, structural design, and a project management schedule. From this checklist, 
strategies for obtaining overall LEED points were established. 
8.1: Developing a Project LEED Checklist  
A checklist was developed using a scorecard provided by the U.S. Department of Energy. 
This scorecard was analyzed in order to develop a rationale for which categories to include in 
the design to not only obtain LEED Certification but also improve the overall environmental 
performance of the building. The LEED Certification point system is broken up into eight 
different overall categories, which are listed below: 
- Location & Transportation 
- Sustainable Sites 
- Water Efficiency 
- Energy & Atmosphere 
- Material & Resources 
- Indoor Environmental Quality 
- Innovation 
- Regional Priority 
 
These overall categories specified requirements and details on how to achieve a specific 
point value. All of the specifications in the LEED scorecard were considered based on their 
relevance for the overall scope and phases of the project. Specifications were then organized 
based on the individual phases of this project: site layout, architectural design, structural 
design, and project management. This developed checklist with corresponding point values is 
included below. 
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Table 35: LEED Certification Checklist 
LEED Certification Checklist 
Stoddard Renovation MQP Project 
  
Integrative Process (Possible Points: 1) 
LEED Certification Checklist Title Completed Point Value 
IP102 Integrative Process   1 
     Total   
Location and Transportation (Possible Points: 23) 
Section Title Completed Point Value 
LT101 LEED for Neighborhood Development Location  16 
LT102 Sensitive Land Protection  1 
LT104 Surrounding Density and Diverse Uses  5 
LT108 Bicycle Facilities  1 
     Total   
Sustainable Sites (Possible Points: 7) 
Section Title Completed Point Value 
SS101 Construction Activity Pollution Prevention   Required 
SSp1 Construction Activity Pollution Prevention  Required 
SS104 Site Assessment  1 
SS105 Site Development- Protect or Restore Habitat  2 
SS107 Open Space  1 
SS110 Heat Island Reduction  2 
SS112 Light Pollution Reduction   1 
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     Total   
Water Efficiency (Possible Points: 0) 
Section Title Completed Point Value 
WE101 Outdoor Water Use Reduction  Required 
WE102 Indoor Water Use Reduction   Required 
WE104 Building-Level Water Metering   Required 
     Total   
Energy and Atmosphere (Possible Points: 18) 
Section Title Completed Point Value 
EA101 Fundamental Commissioning and Verification  Required 
EA103 Minimum Energy Performance  Required 
EA106 Building-Level Energy Metering  Required 
EA108 Fundamental Refrigerant Management  Required 
EA903 Optimize Energy Performance  18 
       
Material and Resources (Possible Points: 13) 
Section Title Completed Point Value 
MR101 Storage and Collection of Recyclables  Required 
MR103 Construction and Demolition Waste Management Planning  Required 
MR108 Building Life-Cycle Impact Reduction  6 
MR112 Building Product Disclosure and Optimization- Environmental Product Declarations  2 
MR114 Building Product Disclosure and Optimization- Sourcing of Raw Materials  2 
MR115 Building Product Disclosure and Optimization- Material Ingredients   2 
MR123 Construction and Demolition Waste Management  2 
     Total   
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Indoor Environmental Quality (Possible Points: 14) 
Section Title Completed Point Value 
EQ101 Minimum Indoor Air Quality Performance  Required 
EQ104 Environmental Tabaco Smoke Control  Required 
EQ110 Enhanced Indoor Air Quality Strategies  2 
EQ112 Low-Emitting Materials  3 
EQ113 Construction Indoor Air Quality Management Plan  1 
EQ114 Indoor Air Quality Assessment  2 
EQ117 Interior Lighting   2 
EQ121 Daylight  3 
EQ123 Quality Views  1 
    Total   
Innovation (Possible Points: 6) 
Section Title Completed Point Value 
IN101 Innovation  5 
IN102 LEED Accredited Professional  1 
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 Although the overall LEED scorecard was personalized to a project specific checklist, not 
all of the specifications were included in the design. The developed checklist included any 
specifications that could potentially be included in the project. Overall, a maximum of 82 points 
could be obtained, which would achieve the highest level of LEED Certification. Each 
specification was researched to determine which were within the scope of work for the project. 
The following sections depict each of the completed specifications within each project phase. 
The structural phase did not contain any LEED specifications and, therefore, was not included as 
a section. 
8.2: Site Layout Specifications 
 The following specifications were taken from the LEED Scorecard and organized into the 
site layout phase of the project. 
8.2.1: LEED for Neighborhood Development Location 
  When assessing a LEED Neighborhood Development (LEED-ND), there is a rating system 
that provides a template in order to earn points for this specification. This rating system 
includes three categories: 
- Smart Location and Linkage 
- Neighborhood Pattern and Design 
- Green Infrastructure and Buildings 
 
Using these three categories, the building design can be analyzed and adjusted to meet these 
requirements. 
 Using the existing Stoddard Complex location provided numerous advantages when 
considered a “smart location.” Redeveloping or constructing on previously developed sites is 
considered an ideal location since other ecological areas, agricultural land, and other open 
spaces are preserved. Also, there is a good connection between the campus and the site, with 
easy access to the street and other pathways.  
 When developing the neighborhood pattern and design, the new Stoddard Complex 
limits the sprawl of the WPI campus, which could consume local habitats. The new Stoddard 
design avoids an extension of campus; therefore, green spaces around the campus are not 
affected. Since the new design is located on the site of an existing residence hall, the local 
neighborhood surrounding the site is not as drastically impacted with the new construction. 
Also, the inclusion of bicycle storage in the Stoddard design encourages modes of 
transportation than other automobiles. 
 The new Stoddard Complex design also works to increase water and energy efficiency, 
improve air quality, and recycle construction and demolition materials. Pollution would be 
reduced during construction by avoiding wind and water erosion, air and dust pollution, and 
polluting water. Incorporating such factors into the design not only obtains LEED Certification 
points, but also improves the quality of the green building. 
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8.2.2: Open Space 
 For this LEED specification, about 20% of the project’s site areas must be vegetated 
open space in order to promote biodiversity. In the new Stoddard design, 26,175 square feet of 
vegetated open space is developed with the inclusion of the courtyard in the center of the 
building. With this value, about 48% of the project’s total site area is open and vegetated. This 
percentage is more than double the minimum requirement for this LEED specification, and the 
courtyard in the design aids in this criteria fulfillment. 
8.2.3: Other LEED Specifications Achieved 
 The following table depicts other LEED specifications that were achieved and placed in 
the site layout phase. 
Table 36: Site Layout LEED Specifications 
LEED Specification Description 
Site Assessment 
Complete and document a site survey or 
assessment that includes topography, 
hydrology, climate, vegetation, soils, human 
use, and human health effects. 
 
8.3: Architectural Specifications 
The following specifications were taken from the LEED Scorecard and organized into the 
architectural design phase of the project. 
8.3.1: Daylight 
 The purpose of this LEED specification is to provide building occupants with a 
connection between indoor spaces and the outdoors through the introduction of daylight and 
views into the regularly occupied areas of the building. In order to meet the requirements of 
the prescriptive option, at least 75% of all regularly occupied spaces must be considered in a 
day-lighting zone, which is based on floor area. For the new Stoddard Complex design, 86% of 
the floor area was in the total day-lighting zone for regularly occupied spaces. To achieve this, 
windows throughout the building were positioned at least 30 inches above the floor. Also, the 
layout of the building was designed to provide more lighting through the windows. Features, 
such as the courtyard, were included to promote this. 
8.3.2: Quality Views 
 To earn points for this LEED specification, building occupants must have a connection to 
the natural outdoor environment by providing quality views. Requirements include achieving a 
direct line of sight to the outdoors via vision glazing for 75% of all the regularly occupied floor 
area. The design incorporates windows in 86% of regularly occupied area, thereby completing 
the requirement. 
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8.3.3: Optimize Energy 
 Although developing energy efficient systems was not a part of the scope of the project, 
numerous energy-saving technologies were researched in order to determine potential systems 
for the design. The points varied for this specification based on the percentage of improvement 
in energy performance. For a new construction project, the published percentages ranged from 
6% to 50%. This generalized percentage range was based on the Siemens Building Technologies 
Brochures, which identified integrated techniques to increase a building’s energy efficiency. 
With a combination of a few energy-saving technologies, the 50% improvement could be 
achieved for the new Stoddard design. The following are a few of the potential systems 
researched. 
Table 37: Energy-Saving Systems 
Energy-Saving System Percentage of Improvement Description 
Presence-Dependent 
Temperature Control 
20% 
Uses occupancy schedule and 
presence detectors as a basis to 
automatically provide heating or 
cooling when occupied. 
Individual Room Control 30% 
Regulating and evaluating 
temperature control for every 
room with higher accuracy due to 
eu.bac-certified controllers, 
reducing energy costs. 
Demanded-Controlled 
Ventilation 
20%-70% 
Regulates the ideal amounts of 
air intake, which reduces the 
energy consumption. 
Time-, Presence-, and 
Daylight-Dependent Lighting 
Control 
45% 
Automatically controls lighting, 
minimizing light power demand 
during daylight hours. 
Time- and Daylight-
Dependent Shading Control 
30% 
Automatically controls shading, 
providing a maximum proportion 
of glare-free daylight ensured by 
sun tracking control and shadow 
outline tracking. 
 
8.3.4: Other LEED Specifications Achieved 
 The following table depicts other LEED specifications that were achieved and placed in 
the architectural design phase. 
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Table 38: Site Layout LEED Specifications 
LEED Specification Description 
Light Pollution Reduction 
Increase night sky access and improve 
nighttime visibility by reducing the amount of 
signage and lights on the exterior of the 
building. 
Enhanced Indoor Air Quality Strategies 
Improving air quality by installing 
mechanically and naturally ventilated spaces, 
potentially using technologies described in 
Section 8.3.3. 
Interior Lighting 
Using specific types of lighting in the 
residence hall to promote the residents 
productivity, comfort, and well-being in the 
LLC. 
 
8.4: Project Management Specifications 
The following specifications were taken from the LEED Scorecard and organized into the 
project management phase of the project. 
8.4.1: Construction and Demolition Waste Management 
 To achieve this specification, a construction and demolition waste management plan 
must be developed. However, with the time constraint of completing the project over the 
course of one summer, the waste management plan should not take more time to complete. 
This plan must also include waste diversion goals, an approximate percentage of the overall 
project waste, and how the recycled materials will be separated. E.L. Harvey & Sons Waste 
Removal and Recycling, located in Westborough, MA, which is located 12.4 miles from the site 
location at WPI. Their state of the art recycling facility not only recycles Construction and 
Demolition (C&D) materials but also sorts the material. Harvey’s recycling process is outlined 
below. 
1. Construction and Demolition (C&D) materials are taken from construction site, 
unsorted, to the Harvey recycling facility in Westborough, MA. 
2. The mixed materials are sorted on the delivery floor to remove any bulky items that 
could potential damage the recycling system machinery or items that cannot be 
recycled. 
3. Then, the remaining mixed materials are fed onto a conveyor belt into a rotating 
trommel. The trommel sorts all of the construction material by size. 
a. First half has 1-inch holes so dirt and smaller materials fall into a bunker. 
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b. Second half has 12-inch holes so any materials smaller than 12 inches are 
sorted out. 
c. Any materials large than 12 inches proceed through the rotating trommel to 
the next sorting station. 
4. The larger materials are then conveyed to a water bath, where the materials are 
separated by buoyancy. 
a. Items that float are sent on one conveyor belt. 
i. Ex: wood 
b. Items that sink are sent to another conveyor belt. 
i. Ex: metal, brick, concrete 
5. The items that have sunk are brought under a magnet that separates the metal 
materials from the rest of the mixture. 
6. The final destination of every conveyor belt is a hand picking station, where 
materials are hand sorted. 
7. Each of the sorted sections of material are then taken away via trucks to be recycled. 
This recycling process relieves the contractors and subcontractors the hassle of on-site 
separation of demolition materials. LEED points can be achieved without any additional work or 
scheduling. This is a critical component to this project due to the time constraints of completing 
the construction over one summer. Construction waste can be taken away from a site as 
normally scheduled. The only difference is the final destination of the C&D materials. 
Therefore, the recycling plan would not add any time to the demolition process. 
Table 39: LEED Specification Descriptions 
LEED Specification Description 
Low-Emitting Materials 
Using construction materials, such as paints, 
adhesives, flooring, ceilings, and walls, that have 
thresholds of compliance with the emissions and 
content standards presented by LEED. 
Construction Indoor Air Quality Management 
Plan 
Develop an air quality management plan 
during construction and preoccupancy of the 
new Stoddard building. 
Indoor Air Quality Assessment 
Establish better quality indoor air in the 
building after construction and preoccupancy 
LEED Accredited Professional 
At least one principal participant of the 
project team must be a LEED Accredited 
Professional. 
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8.4.2 Construction Indoor Air Quality Management Plan and Indoor Air Quality Assessment  
In order to obtain LEED points related to air quality, the building must provide clean air 
during and after the construction of the building to protect the building's occupants. During the 
construction phase, an air quality management plan must be established to protect the 
construction workers. This plan would use methods such as HVAC protection, source control, 
pathway interruption, housekeeping, and scheduling (LEED User, 2015). These methods reduce 
or eliminate exhaust fumes, large amounts of dust, and other harmful airborne particles that 
could be harmful to the workers (LEED User, 2015). This will also prevent potential delays in 
production caused by inadequate working conditions.  
Once the construction phase of the building is completed, the building will undergo an 
occupancy flush-out. This process involves removing the potentially hazardous construction air 
pollution with clean outdoor air. This method will allow occupants to move into the residence 
hall sooner after the construction is completed. After the occupancy flush-out, the air quality 
will be tested. This day-long test will identify whether the amount of pollution is within the 
limits presented by US Green Building Council and when it is acceptable for occupancy (U.S. 
Green Building Council, 2014).  
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Chapter 9: Conclusion 
 This project focused on developing a design to replace the existing Stoddard Complex 
residence hall on the campus of Worcester Polytechnic Institute (WPI). WPI has limited on-
campus housing options for first-year students. Recently the room occupancy in Stoddard was 
increased from two to three first-year students, which resulted in bathroom renovations and a 
reduction of common room space. With WPI’s promotion of collaborative work through the 
Great Problems Seminar (GPS) program for first-year students, this reduction of common room 
space restricted first-year students’ opportunities for social and academic collaboration. The 
current Stoddard Complex site also presented an excellent opportunity for redesign based on 
the site’s potential for expansion and its proximity to other freshman housing. 
This proposed project design for a new Stoddard worked to address these issues 
through the development of a Living Learning Community (LLC). A LLC provides students with a 
unique, inclusive residential experience that connects learning with residential life. In relation 
to student life and curriculum at WPI, a LLC could allow students to be housed based on their 
enrollment in GPS courses, enhancing collaborative work outside of the classroom. Also, offices 
for GPS professors and graduate assistants along with classrooms were designed into the LLC 
for students to obtain more academic support. Tech suites, group study areas, and larger 
common room areas were also incorporated to promote work outside of the classroom and 
enhance the overall LLC experience. 
 Throughout this project, five phases were developed to complete the goals of the 
project: site layout, architectural design, structural design, project management with cost 
analysis, and LEED Certification. The activities within each of these phases were directed at 
meeting the overall design goals of the Stoddard Complex. Along with developing the LLC, this 
project sought to complete the building in one academic summer and have an overall project 
cost within the budget of recently constructed residence halls on campus. The final design 
achieved these schedule and budget goals. Overall, this project worked to meet the needs of 
the WPI community. This project provided a solution to address housing for first-year students 
and provided a design that supports the overall educational and social experience for first-year 
students.  
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Chapter 10: Recommendations and Areas for Further Study 
In this Chapter, specific recommendations to further progress this project are included. 
There were numerous areas, either within the scope or outside of the scope, in which this 
project could have further developed. 
10.1: Architectural Design 
 Throughout the architectural design phase, there were some methods and techniques 
that could have been developed in more detail in order to aid in the overall process of creating 
a new Stoddard Complex Design. The following outlines some of these methods that could have 
been researched or developed further. 
10.1.1: Designing for Structural Components 
 Through the architectural design phase, the main focus was on developing a Living 
Learning Community in order to provide sufficient space for students. Detailed designs were 
focused on developing room dimensions, study space, classrooms, and offices because 
incorporating such a design was a critical component to completing our overall goals. However, 
more consideration and detail could have been taken while designing the overall geometry to 
obtain more consistency with dimensions in order to aid in the structural phase of the project. 
Typically, precast member calculations and fabrication are simplified when there is a high 
degree of repetition and consistency throughout the design. Overall, there was some 
consistency when calculating the precast member dimensions for the floor spans, roof spans, 
and exterior walls. However, the development of some components of the architectural design 
could have taken more consideration for the structural phase of the project. Developing more 
methods and designs that could simplify the structural phase while still maintaining the LLC 
design would have improved the development and simplification of the project. 
10.1.2: Alternative Designs 
In order to reduce cost and duration for the overall construction of the project, 
alternative architectural designs could have been researched. The primary focus of reducing the 
construction duration was determining the structural material; the erection of the 
superstructure and exterior enclosure could potentially require the longest duration if the 
correct material was not selected. Although the selection of precast concrete reduced the 
structure erection, developing more time-efficient architectural design components would have 
further reduced the overall construction time. For example, methods and materials for interior 
construction, such as walls, ceilings, plumbing, HVAC, etc. could have been further developed to 
reduce the overall construction duration, since the interior construction contained the longest 
activity durations. These elements could potentially have been physically integrated into the 
precast units to simplify the assembly process. 
10.2: Structural Design 
Throughout the structural design phase, there were some methods and techniques that 
could have been developed in order to discuss the benefits of using precast concrete aside from 
the duration of erection. The structural design of the project with exterior load bearing walls 
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allowed for potential renovation and reconstruction of the interior of the building. This feature 
was specified as a beneficial design method; however, different types of renovations could be 
done in the future to meet the needs of the WPI community. For example, the main floor of the 
building could be renovated to remove classrooms and offices to obtain more residential space. 
Room sizes could be completely adjusted to accommodate suite-style upperclassmen 
apartments, providing a more comfortable living style. There are numerous potential options in 
which the interior could be renovated due to the exterior load bearing walls. More options 
could be explored, which would expand the sustainability of the building, as it would be 
adaptable to the longer term needs of WPI. 
10.3: Project Management and Cost Analysis 
Throughout the project management phase, there were some methods and techniques 
that could have been developed in more detail in order to aid in the overall process of creating 
a new Stoddard Complex Design. The following sub-sections depict methods that could have 
been researched or developed further. 
10.3.1: Further Developing Construction Activities 
Cost estimates for many of the construction activities relied on square foot cost 
estimates from RS Means Cost Data. Data based on a typical two-three story college dormitory 
and classroom building was used to establish these estimates. In order to provide more 
accurate cost and duration estimations, more detailed information on some building 
components could have been researched. If specific types of interior systems, fixtures, and 
materials were investigated and selected, then a more accurate cost estimate could have been 
performed. 
10.3.2: Return on Investment & Life-Cycle Cost Analysis 
 The cost section of the report estimated the total budget as well as contractor, 
architect, and O&P costs, to achieve the total project cost. Methods and materials for the 
project were selected with a goal to keep initial costs low. However, some materials and 
building components have relatively low initial costs but high lifetime costs, and vice versa. 
Energy data for long-term operating costs of existing buildings on the WPI campus was not 
available for use in this project. A life-cycle cost analysis is an area for further study, to 
determine the most cost-efficient design based on the lifespan of the building. 
10.4: LEED Certification 
The proposed Stoddard Complex building was designed to achieve LEED Certification. 
The LEED checklist and strategies to achieve points were outlined in Chapter 8; however, there 
were numerous components referenced that were not discussed in-depth due to the limited 
scope of the project. Overall, this project focused on the major categories of Material & 
Resources, Location & Transportation, and Sustainable Sites. However, less detail and focus 
were placed on the categories of Water Efficiency and Energy & Atmosphere. LEED Certification 
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can be achieved through a variety of methods, as long as the total number of points necessary 
is obtained. LEED points could be achieved through methods not included in the project. 
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Abstract 
 A comprehensive LEED Certified design and cost estimate to replace the current 
Stoddard Complex is proposed. The main objective of the project is to create a Living Learning 
Community and further improve the first-year student experience within this freshman 
residence hall. This objective will be met through an architectural design that promotes 
interaction and collaboration among residents and has designated space for both large and 
small group study areas. The project will also include site layout, architectural, and structural 
plans for the proposed building, as well as a construction schedule with the goal to be 
completed during one academic summer. 
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Introduction and Problem Statement 
Stoddard Complex is a freshman residence hall on the Worcester Polytechnic Institute 
(WPI) campus. It is comprised of three buildings, each housing 81 freshman students. Stoddard 
is often described as a close-knit community due to its design; however, the buildings lack the 
amenities of other freshman dorms and underutilizes the available land. This project will 
investigate a design to improve the Stoddard Complex by creating a Living Learning Community 
that takes full advantage of the site to meet the growing needs of the university. The current 
Stoddard Complex site presented the greatest opportunity for redesign based on the site’s 
potential for expansion and its proximity to other freshman housing.  
A Living Learning Community is a type of residence that gives students a unique, 
inclusive residential experience that connects learning with residential life. Students have the 
benefit of living among a group of other students who have overlapping coursework and share 
academic goals and interests. Living Learning Communities complement classroom experiences 
and allow students to become better prepared to succeed in and beyond college (Kuh). Each 
university has a different approach to Living Learning Communities. Most include a combination 
of residential rooms, classrooms, office space, large group study space, and/or small, quiet 
group study space all located within the residence hall. 
This year Stoddard Complex houses 243 students, while for the past five years it has 
only housed 171 students. This increase is due to larger freshman class sizes at WPI. With this 
increase in occupancy, the bathrooms of these buildings have been expanded at the expense of 
common room space. This means there are more students, and now the common areas are 
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smaller than before. These areas are no longer adequate for the increased number of students 
and limit a student’s social and educational experiences.   
The primary reason Stoddard was chosen for redesign is because it offers WPI great 
potential for new design opportunities. The current design only utilizes 30% of the site, whereas 
a new design could more effectively use this space to provide a better first-year experience 
(Dunaj). Efficiently using campus space is vital and is an opportunity to provide more on-
campus housing. The project is also seeking to help WPI increase the percentage of students 
living on-campus.  Emily Balcom, Director of Residential Services, identified WPI's goal to 
increase the student population living in on-campus housing from the current 63% to 70% in 
the near future. The proposed design will attempt to increase the occupancy of the building 
and provide more housing space. With this new residence hall, more space will become 
available for upperclassmen in rooms currently occupied by freshmen. Therefore, the 
percentage of students living on campus would increase. 
Additional reasons for focusing on Stoddard include a lack of amenities. Stoddard 
currently does not have laundry facilities, requiring students to carry their laundry to another 
building. In addition, Stoddard is not handicap accessible and lacks an elevator. There is the 
potential to include several features that will enhance residential experience as well as provide 
social and work space to benefit the overall first-year experience. These added features will be 
achieved through a design of a new building that provides the required spaces for a Living 
Learning Community. Additionally this project seeks to meet WPI goals for creating more 
diverse freshman housing options and the ability to meet future housing needs. 
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Scope of Work 
            The main goal of this project is to design a residence hall to replace the current Stoddard 
Complex in order to improve the first-year experience for WPI students. The goal will be 
accomplished by focusing on methods to efficiently utilize the land and design a building that 
will create a Living Learning Community and provide a number of other resources for students. 
This will be achieved through focusing on five major phases: site layout, architectural design, 
structural design, construction schedule, and life-cycle cost analysis. 
            The first objective focuses on defining the building footprint and site design in 
conformance with the existing topography to minimize cuts and fills and avoid negatively 
impacting the soil or environment. When designing the site and footprint of the building, local 
Worcester Zoning Ordinances will be taken into consideration and followed. Additionally, it is 
important for WPI to maintain positive neighbor relations and design a building that does not 
interfere with the neighborhood or have negative impacts on local residents. To achieve this, 
the site layout design will consider setbacks from neighboring properties. Also, landscaping 
strategies will be used to create a buffer between properties. 
            The architectural building design, which is integrated with the site layout design, is 
implementing all of the desired features to create a successful Living Learning Community. The 
architectural design will include a variety of areas based on which spaces would have the 
greatest impact on the community. Living Learning Communities from other colleges will be 
researched in order to determine which spaces were most successful and adapt them to fit the 
WPI community. Also included in the architectural design will be compliance with the 
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International Building Code. Other factors will be to meet LEED certification requirements and 
fit into WPI’s campus. 
Structural design will be a significant component of this project. The most practical 
materials and structural systems for the design will be determined, and a structural framing 
plan will be created based on these decisions. Several factors such as cost, duration of 
construction and constructability will be considered when deciding which materials to use. 
Costs will be balanced with the materials’ impact on the construction schedule, the ability to 
renovate the building, and the longevity of the selected material. 
A construction schedule will be created with the goal to finish the project over one 
academic summer in order to not interfere with on campus housing. This proposed time frame 
will impact the materials and structural systems for the design. Building Information Modeling 
(BIM) software will be used to aid in the visualization of the construction phasing. 
 Life-cycle cost analysis and creating a budget will be another major focus of the project. 
Cost considerations will take into account initial construction costs as well as operation and 
maintenance costs. Another important part of the life-cycle cost analysis is analyzing revenue 
for WPI. The goal will be to create a design that meets the design standards while enhancing 
WPI’s financial return on the building. Different uses of building space could provide different 
sources of revenue; for example, installing a convenience store will be compared to adding 
more rooms through cost analysis. Options such as these will be discussed and compared in 
order to determine the most effective overall design. 
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Capstone Design 
The project focuses on developing a design to replace the existing Stoddard Complex on 
the WPI campus. Recently the room occupancy in the Stoddard Complex was increased from 
two first-year students to three. Increasing the room occupancy required bathroom 
renovations which reduced common room space. Due to these renovations, there is now an 
inadequate amount of common room space which limits student’s social and academic 
collaboration. The proposed design will include social and study spaces to promote a Living 
Learning Community in this new residence hall.  
The approach to this project will consist of five phases: determining the site layout and 
building volume, developing architectural floor plans, developing structural framing plans, 
creating a construction schedule, and performing a life-cycle cost analysis. The first step to 
designing the site layout is to quantify the space needs and form preliminary building ideas; this 
will also include gathering information from the existing site. Consideration will be paid to 
surrounding properties and creating a design that will maintain positive neighbor relations 
through setbacks and landscaping. The main goal of the proposed building footprint will be to 
more efficiently use the land available. 
The architectural plans will create a Living Learning Community by efficiently using the 
site layout. A larger building footprint would result in more space for building elements that 
would further enhance the first-year experience for residents. The preliminary space needs and 
building design will be developed into floor plans for all spaces in the building, including living, 
social, and study space for students. Once the architectural plans have been developed, work 
can begin on structural plans. The first aspect of the structural design will be to compare 
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different methods and materials of structural designs. The scope of this project will include 
creating structural framing plans that specify the placement and sizing of columns, girders, 
beams, and other structural components.  
A construction schedule and budget will be developed using Primavera Project 
Management software. The different phases and corresponding actions will be clearly defined 
to determine the time-frame of the project throughout one academic summer. This will be 
completed through the research of past project with similar design elements and case studies 
to estimate productivity rates. This research will also include information about design aspects 
outside of our scope of work.  A budget for the entire project will display a breakdown of costs 
for the different phases of construction.  
Throughout all of the aforementioned sections, cost comparisons will be performed to 
develop a life-cycle cost analysis and find the most cost effective design. Cost factors in the life-
cycle cost analysis include initial cost of building materials, maintenance costs, and potential 
revenue for WPI. 
            There are numerous considerations regarding engineering standards that will be 
addressed within this project. Economically, the work will be directed at developing a cost 
analysis that will investigate cost effective construction materials, methods, and technologies. A 
budget for the new building will be developed that looks at the actual construction process, the 
operation and maintenance costs, and the estimated revenue post-completion of the project.  
The environmental implication of the project will be observed during the construction 
phases. The construction strategies will work to reduce the impact on the environment. For 
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example, the site layout of the project will reduce the total amount of cut/fill. Materials from 
the current Stoddard Complex will be reused in the new residential building.  
            Another main goal of the project is to create a design that is sustainable throughout the 
lifespan of the building. There are two different sides to sustainability, longevity of materials 
and LEED Certification energy sustainability topics. In terms of longevity, materials will be 
analyzed to optimize the lifespan of the building. Also, an adaptable interior layout will be 
created, which can be easily renovated in order to accommodate the future needs of WPI. The 
topic of energy sustainability will be achieved through a design that is LEED Certified. A number 
of sustainability methods will be incorporated in the design to achieve this certification.  
The constructability of the design is dependent on which building methods and 
materials are selected for this project. Construction methods and materials will be selected 
based on ease of construction, construction schedule, and time of construction.  
Socially, this project is aiming to create a Living Learning Community through the use of 
communal space on each floor. The architectural design will focus on the inclusion of small 
group study space as well as large social areas to encourage interaction and collaboration 
among students.  
Health and Safety is another condition that will be considered in the building design. The 
architectural and structural designs will take into account the provisions of the International 
Building Code, and these codes will be consulted to gain understanding and to demonstrate 
compliance with health and safety requirements. 
An ethical issue will relate to obtaining original site layouts of the current Stoddard 
Complex from the WPI facilities office. There must be compliance with the department non-
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disclosure agreement that was signed and completed in order to have a reference for the 
current site layout of the property.  This agreement states that the original site layouts are 
solely meant to support the research of the MQP. The layout files cannot be included or 
attached directly into the project. 
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Methodology 
 As outlined in the scope of work, the project will consist of five major phases: site 
layout, architectural design, structural design, construction schedule, and a life-cycle cost 
analysis. A summary of the work to be completed for each phase can be found in the table 
below; this section will provide an explanation of each phase. 
Phase Work Included for this Project 
Site Layout Building size and footprint that shows location of building on site 
and in relation to neighboring properties. 
Architectural Design Floor plan drawings to show allocation of space in proposed 
building design. 
Structural Design Typical details for columns, beams, girders, and other structural 
elements to be used in the design. 
Construction Schedule Construction schedule created using Primavera Project 
Management, showing the different phases and activities included 
under each phase of the project. 
Life-Cycle Cost 
Analysis 
Cost comparisons and decisions regarding most cost efficient 
design, taking into account factors of initial cost, maintenance cost, 
and WPI revenue. 
 
Site Layout 
Creating a site layout for the new residential hall will be one of the first objectives 
completed for this project. To design the site layout, preliminary architectural plans need to be 
created to define the anticipated functional spaces, their needed areas, and the relationships 
between spaces. The site layout design will provide constraints on the building's height and 
footprint which will be essential for the final architectural design.  This phase involves analyzing 
the state of the existing site, zoning codes, and topography to determine an effective geometric 
layout of the new building. To determine an effective geometric layout, factors such as cost, 
environmental impact, constructability, and social aspects will be considered. 
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The first component of determining the site layout for the new building is analyzing the 
existing site. This phase entails learning what currently exists on the site and understanding 
how it will affect the design and construction of the new building. For example, the site 
currently consists of three separate buildings that make up the Stoddard Complex. These 
buildings will have to be demolished or recycled for use in the new design; this will require 
information on the existing building materials. Additionally, utilities and other structures will 
need to be identified on the site and their location. Once an inventory of the existing objects on 
the site is identified, it will be determined which elements will have to be removed, reused, or 
accommodated in the design of the new structure.   
In addition to understanding the existing structures, the site layout phase will also seek 
to gather information about the current site condition and layout. Essentially an environmental 
benchmark will be determined in order to gain a thorough understanding of the site to guide all 
design decisions. This will involve determining rainwater runoff and soil conditions. The new 
design will attempt to maintain the same permeability of the existing site. A full depth soil 
analysis is beyond the scope of this project; instead, existing soil conditions will be determined 
from the site plans provided by the WPI Facilities Department.   
The second aspect of the site layout phase is to consult the Worcester Zoning 
Ordinances to determine the maximum building boundaries within the site. These ordinances 
include setback requirements and maximum building heights. This information will serve as a 
physical constraint for the architectural design. Additionally the zoning codes outline 
requirements for excavation such as maximum slope of a site as well as requirements for off-
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street parking spaces. The design will meet all the requirements specified in the Worcester 
Zoning Ordinances by incorporating these considerations into the architectural design.   
The third aspect of creating the site layout is to analyze the topography and determine if 
and how it will be changed through the construction of the new building. This will be conducted 
simultaneously with the architectural design as each will influence the other. Since the site is 
comprised of a hill, several areas may have to be leveled either by cuts or fills to support the 
proposed building. The amount of cut/fill needed for various architectural designs will be 
determined using AutoCAD Civil 3D. The final design selection will seek to efficiently use the 
existing topography and minimize cut/fill, as these excavation processes have a significant 
impact on the construction schedule, cost, and the environment.   
The final aspect of the site layout is the design of the landscape. Here, the main focus 
will be to design the layout of access points to the building from the site. Handicap access to 
the building from the site will also be a significant area of focus. Also, the creation of pathways 
that allow easy access to the building and meet all required codes.  
Architectural 
The architectural design and layout of the proposed new building is an important 
component in the redesign of the Stoddard Complex. The main goal of the final design is to 
enhance the first-year experience for students by creating a vibrant Living Learning Community.  
In order to achieve this goal, many aspects of successful Living Learning Communities will be 
researched and evaluated to determine the elements of the final design. The focus of research 
includes Living Learning Community building layouts, building appearance, and design factors of 
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LEED Certification. The design will also comply with the International Building Code for 
traditional residence halls, which also apply to Living Learning Communities. This information 
will be gathered through background research, interviews, and the examination of successful 
designs. 
Building layout is a crucial component of the architectural design. This activity will take 
the preliminary architectural plans and apply the constraints established from the site layout as 
well as the components of a Living Learning Community and compliance with the International 
Building Code for residence halls. An architectural programming approach will be used to create 
the floor plans.  In order to create the most successful Living Learning Community, the building 
must be designed to maximize interaction and collaboration among residents. This type of 
thorough design must be prefaced with extensive background research. The preliminary 
architectural designs will consist of floor plans showing the allocation of space in the proposed 
building. Different uses of building space will be researched to determine which will be the 
most beneficial. Anticipated use of building space include: residential rooms, courtyard space, 
laundry facilities, an office for health services, elevators, a convenience store, offices, quiet 
group study rooms, and large social spaces. These spaces will be accommodated in the final 
architectural design based on which spaces will have the most impact and compliance with all 
code constraints. 
Another major goal of the design is to provide more residential space and accommodate 
more students than the current Stoddard Complex. This will relieve some of the housing 
pressure WPI has been facing as well as provide the option for expansion in the future. This will 
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include research regarding requirements for room sizes and the number of rooms to include in 
the design. Another area that requires extensive research is the International Building Code. 
These codes will include information regarding minimum space requirements, emergency exits, 
bathroom requirements, and a number of other important design factors. In order to obtain the 
necessary information on these topics, extensive background research on Building Codes and 
other college Living Learning Communities will be completed. These Building Code constraints 
will be used to create the final architectural design.  
Interviews with WPI Residential Services and other staff and faculty can provide 
information about important design factors. The initial division of the space will be done using 
AutoCAD to ensure that all desired spaces can be accommodated. After this, more detailed 
architectural and floor plans will be created using Revit Architecture.  
LEED Certification is another important area of focus for the proposed building that will 
be included in the architectural design. This certification has different levels which each have 
their own set of requirements for energy efficiency and other environmental factors. These 
requirements will be researched, and then create a design which meets LEED Certification. 
Design decisions will be quantified using a LEED Certification checklist, which outlines the 
specifications of building systems and finishes, and their associated LEED points. 
This proposed new building must also meet aesthetic standards. An important aspect of 
the WPI campus is the traditional brick design that can be seen in most buildings on campus. It 
is important for the new building to maintain this traditional style to fit with other buildings at 
WPI. 
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Structural 
The structural design is another major activity of the project and will affect many 
aspects including cost, constructability, and sustainability. The four main materials that have 
been identified as areas of focus are precast concrete, steel, wood, and cast-in-place concrete. 
These four materials will be assessed based on the design criteria: cost, constructability, and 
sustainability. A weighted rubric will be used to evaluate the factors of the design criteria to 
establish our structural design material. The rubric will be completed by examining past 
construction projects, gathering information through review of the literature and possibly 
meeting with structural professionals, and researching these materials and methods. All 
materials will be compared through the rubric, which will decide the optimal material to be 
used for the design. 
Another structural design that will be explored is a method that minimizes the number 
of load-bearing interior columns. This allows for easy renovation to meet the future needs of 
WPI. Once the structural scheme has been finalized, structural calculations will be completed 
for each member of the building design. These calculations will be supplemented by the use of 
the structural software RISA. The final decision on the structural design will be based on which 
materials and methods best suit the project requirements for cost, schedule, and sustainability. 
The final report will show all calculations and research that factor into the decisions regarding 
which materials will be used. 
Construction Schedule 
 The scope of this project also includes the development of a construction schedule that 
will establish clear construction phases to complete the project. The time constraint is a major 
  
138 
 
challenge that will affect the development of the construction schedule. If the project runs over 
schedule, housing for hundreds of students will be impacted; therefore, there is minimal room 
for error or time extension in this project. The aim is to create a design that will be able to be 
constructed and ready for occupancy over one academic summer.  
 Construction methods will be compared to identify which will require the least 
construction time without sacrificing other factors. Demolition will be an important phase of 
construction that will need to be heavily researched in order to be completed in a timely 
fashion. Demolition time could vary depending on factors such as the type of materials in the 
current structures, soil content, and LEED compliance. 
 Once all exterior work is finished and the structure is complete, there will need to be 
enough time left to work on interior design and finishing, as well as obtaining occupancy 
permits. However, contingency plans will be considered in the event that the project exceeds 
the allotted time. The schedule will be created using Primavera Project Management software 
and will show the different phases of construction. Fast–tracking methods of scheduling and 
construction will be explored in order to meet the project deadline goal. 
Life-Cycle Cost Analysis 
A life-cycle cost analysis will be developed throughout our entire project. This section 
will include established target costs, detailed cost information for the proposed design, and 
cost comparisons of using different materials and methods. Life-cycle cost estimating will factor 
into the design decisions of all project phases. A holistic cost estimate will be achieved for the 
design by considering the expenses throughout the phases of the project and lifecycle.  The 
goal is to manage project costs while maintaining a feasible budget.   
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The first step for the cost analysis is to determine a target project cost. This value will be 
determined based on overall budgets from comparable projects completed by WPI. 
Additionally, research of the costs of recently constructed residence halls at WPI and other 
similar residence halls will assist in determining a realistic cost. The target cost will guide the 
design by setting an upper limit on the project cost.   
For each design decision, the associated expenses will be determined using cost 
estimation data. For each aspect of the overall design, a quantity take-off will be performed. 
Quantity take-offs will estimate the amount of materials and use unit and parametric cost data 
to effectively estimate the total cost of the project. Multiple data sources will be researched, 
and past projects that include similar design components will also be analyzed to determine 
more accurate cost estimates. Ultimately, design decision will balance cost, construction 
schedule, and environmental impact while allowing us to meet the target project cost.  Cost 
estimates from the manufacturer are more accurate and will be utilized when available. The 
final report will contain a table of the total cost of the design, which will be factored into the 
budget as the initial cost.  
Cost Estimation Reference Sources 
Target Project Cost Past WPI construction projects & Similarly designed projects 
(outside of WPI) 
Square Foot Costs RS Means & Similarly designed past projects (outside of WPI) 
Assembly Costs RS Means & Similarly designed past projects (outside of WPI) 
Quantity Take-offs RS Means & Similarly designed past projects (outside of WPI) 
Operation & Maintenance Costs Current WPI Residence Halls & Similarly designed past projects 
(outside of WPI) 
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RS Means Cost Data will be used for all of the project cost components which cannot be 
specifically determined from a manufacturer. RS Means will be consulted for estimated direct 
and indirect costs associated with a product. Costs will be broken down into each of the seven 
divisions outlined in RS Means, substructure, shell, interiors, services, equipment & furnishings, 
special construction, and building site work, and the total will be compared to the target cost. 
These costs will then be used to create a final construction budget for the entire project. This 
budget will be created using Primavera Project Management software. 
In addition to analyzing the final cost of construction, the operation and maintenance 
cost will be estimated. The target goal for operation and maintenance costs will be based on 
these costs for other buildings of a similar size and design. Additionally, information about 
operation and maintenance cost from other WPI Residence Hall buildings will be considered, 
and information from the WPI Facilities Department will also be used. The combination of 
initial, operation, and maintenance costs as well as revenue will determine a lifecycle cost of 
the building.   
The final area of cost that will be explored in this project is the return on investment. 
This proposed new building would be a large financial investment for WPI, and the building will 
have to bring in sources of revenue to finance the project in the years after construction. 
Different design decisions will affect the revenue produced from the building. Designating 
space for common areas has no source of income, while using that space for rooms would bring 
in additional revenue through more student boarding fees. Additionally, incorporating a 
convenience store into the design would provide a reliable source of income for WPI through 
sales. An interview with Jeff Solomon, Chief Financial Officer of WPI, will provide insight about 
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the financial aspects of WPI Residence Halls. These revenue costs will be considered to 
determine options that will enhance WPI's return on investment. 
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Deliverables 
This project will produce a number of deliverables at its final completion. The major 
deliverable will be the Final Report consisting of all necessary background research as well as 
supporting information for all decisions made and conclusions reached. 
 There are also various smaller deliverables of the project, correlating with each phase 
specified in the Methodology section. The site layout section includes both a building footprint 
and an AutoCAD Civil 3D drawing of site topography of the final site. The architectural section 
includes floor plans that show major components of the building and space allocation for each 
component. Also included will be Revit Architecture renderings of the interior floor plans. The 
structural component of the project will produce a framing plan showing typical connections as 
well as all supporting calculations for each structural member of the building. There will also be 
information comparing different materials and methods of construction to support these 
design decisions. 
 Using Primavera Project Management software, a construction schedule will be created 
and will include a breakdown of activities and different phases of the project. Throughout the 
project, a cost analysis will be performed, and a final project budget and cost comparison will 
be produced. This will serve as a life-cycle cost analysis for each element of the project, 
including initial, operation, and maintenance costs and revenue. An additional deliverable will 
be a Revit rendering of the final building design. 
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Conclusion 
The scope of work for this project is extensive and will provide a definite challenge, but 
it will also serve as a great learning opportunity. It is important to gain knowledge in building 
construction specifically in design and project management in order to surmount these 
challenges.  
This project has three main challenges. The first challenge will be creating an 
architectural design that can accommodate more students, while also including space for 
additional features that will create a Living Learning Community. The cost analysis and overall 
budget for the project will serve as another design challenge. Creating a LEED Certified design 
that has many different features and amenities will be balanced with the budget set for the 
project. The third challenge is the construction schedule and completing construction of the 
building within one academic summer. The time-frame will be determined by defining building 
and site work as well as determining productivity rates for this work. Using this information, the 
project will assess whether one academic summer is a feasible goal. 
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Schedule 
The work in this project will be completed in three segments over the course of three 
terms. The first phase will include the project proposal and a preliminary architectural design. 
This segment will be completed by the end of A-term. The second segment will include the site 
layout, finalized architectural floor plans, structural framing plan, and preliminary cost analysis 
which will be based on design decisions made in this segment. This will be completed by the 
end of B-term. Also completed by the end of B-term will be a first submittal of the final report. 
The MQP report will be written continually throughout all the segments, and the final report 
will be submitted at the end of the project. The final segment will include the construction 
schedule, final life-cycle cost analysis, a Revit model, and the final report. These phases will be 
worked on throughout all of the segments, but will not be completed until the end of the 
project. The final segment will be completed by the end of C-term – the final completion of the 
project. 
In order to complete the project in three terms, some activities will be done 
simultaneously to use time most efficiently. Different work will be allocated to different group 
members in order to be the most productive. Joe will focus mainly on site layout and structural 
design. Tom will work with Joe on the structural design and also work on the architectural 
design. Kirk will deal mostly with the schedule and life-cycle cost analysis. Andrea will work with 
Kirk on the schedule and cost analysis, and will work on the Revit model of the final design. All 
members will complete background research and write and edit sections of the proposal and 
final report. 
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 The figure below shows the overarching flow of work across three time segments of the 
project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Site Layout Finalized Architectural Floor Plans 
Structural Framing Plan 
Construction Schedule 
Project Proposal Key 
    Segment 1  
                Segment 2 
                Segment 3 
Final Life-Cycle Cost Analysis Final Report Complete Revit Model 
Preliminary Architectural Design 
Preliminary Cost Analysis 
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Appendix B: Architectural Programming 
Overall Process 
1) Research the Project Type  
a) The types of spaces frequently included in the building type: 
Residential Rooms Bathrooms Common Areas 
Study Space Computer Labs Classrooms 
Laundry Facilities Offices Conference Rooms 
Lobby Space/Hallways Lounges Dining Hall 
Convenience Store Fast Food/Coffee Shop Stairways/Elevators 
Fitness Center Electrical/Utility/Maintenance  Mechanical Room 
 
b) The space criteria (number of square feet per person or unit) for those spaces: 
Residential Rooms 
1. Single Occupancy 
a. URI: 
i. Merrow/Tucker/Peck Hall: Three residence halls that house students in the 
Engineering LLC Program, offer single and double occupancy rooms. 
- 8’ x 15’ = 120 sf. 
- http://housing.uri.edu/info/floor-plans.php 
b. UNC Asheville: 
i. Overlook Hall: Residence hall for the Engineering LLC, houses 300 students, 
single and double occupancy rooms available. 
- 8’ x 13’ = 104 sf. 
- http://housing.unca.edu/overlook-hall 
c. Truman State Universtity: 
i. Missouri Hall: Houses 500 students in the Language LLC, has community lounges 
and study lounges on each floor, offers single and double occupancy rooms. 
- 12’ x 11’ = 132 sf. 
- http://www.truman.edu/residence-life/building-
information/amenities/missouri-hall/ 
d. University of Arkansas: 
i. Northwest Quad: Residence hall has a computer lab, music room, classrooms, 
meeting rooms, and lounges within the hall. 
- 10’6” x 9’10” = 103 sf. 
- http://housing.uark.edu/campus_communities/Northwest_Quad/infor
mation.php 
2. Double Occupancy 
a. Gustavus College:  
i. Norelius Hall: Houses 400 first-year students, double occupancy, has a lounge 
with conversation area, in-hall computer lab, two large study areas. 
  
148 
 
- 11’ x 15’3” = 168 sf. (ceiling height = 7’11” from floor) 
- https://gustavus.edu/reslife/residences/norelius/a_tower/1st%20Floor/
JPEGS/101A-dim.JPG 
ii. Pittman & Sohre Halls: Identical designs, each house 190 first-year students, 
double occupancy, have large and small lounges. 
- 16’3” x 11’6” (includes built-in wardrobes and sinks) = 154 sf. (excluding 
space taken by built-ins)  
- https://gustavus.edu/reslife/residences/floorplans/pittmansohreplans.j
pg 
b. UCal Riverside: 
i. Aberdeen-Inverness Hall: LLC Residence Hall 
- 12’ x 12’ = 144 sf. (ceiling height = 10’ from floor) 
- http://housing.ucr.edu/housing-options/residence-halls/ai.aspx 
ii. Lothian Hall: LLC Residence Hall 
- 11’6” x 12’6” = 144 sf. 
- http://housing.ucr.edu/housing-options/residence-halls/lothian.aspx 
c. URI: 
i. Merrow/Tucker/Peck Hall: Three residence halls that house students in the 
Engineering LLC Program, offer single and double occupancy rooms. 
- 12’ x 15’ = 180 sf. 
- http://housing.uri.edu/info/floor-plans.php 
ii. Adams Hall: Residence hall that houses students in the Arts and Sciences LLC, 
has double and triple occupancy rooms. 
- 11’ x 16’6” = 181 sf. 
- http://housing.uri.edu/info/floor-plans.php 
3. Triple Occupancy 
a. URI: 
i. Adams Hall: Residence hall that houses students in the Arts and Sciences LLC, 
has double and triple occupancy rooms. 
- 15’ x 13’ = 195 sf. 
- http://housing.uri.edu/info/floor-plans.php 
ii. Hillside Hall: Residence hall for students opting to live in the Nursing/Pharmacy 
LLC program, triple occupancy rooms 
- 11’6” x 13’ = 150 sf. 
- http://housing.uri.edu/info/floor-plans.php 
iii. Butterfield Hall: Another residence hall for students opting to live in the 
Engineering LLC program, triple occupancy rooms 
- 15’6” x 14’ = 217 sf. 
- http://housing.uri.edu/info/floor-plans.php 
4. Adaptable (Shows plans for using the room as double or triple) 
a. Cal Poly Pomona:  
i. 12’ x 14’=168 sf. 
ii. 11’ x 15’ =165 sf. 
iii. http://www.csupomona.edu/~housing/housing-options/hall-floorplan.shtml 
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Average Room Furniture Dimensions  
https://www.law.georgetown.edu/campus-life/housing-residence-life/summer-housing/room-
dimensions-floor-plans.cfm 
http://www.cawspi.org/Furniture%20Design.pdf 
http://www.crni.ie/wp-content/uploads/2009/11/Furniture_Dimensions.pdf   
Bed: 90” L x 36” W x 17.5” H 
Desk: 42” L x 30” W x 29.5 “H 
Dresser (3 drawers): 30" L x 30" W x 30" H  
Dresser (4 drawers): 24" L x 24" W x 30" W  
Wardrobe: 34" L x 24" W x 71 1/2" H 
Shelves 3’10” (from floor) 
Door 2’9” 
Closet: 2’11”x2’ (7’8”) 
Desk 2’x5’11” 
ICC Building Requirements 
http://publicecodes.cyberregs.com/icod/ibc/2012/icod_ibc_2012_29_sec002.htm 
Lavatories/water closets: 1:10 people (36" x 36" for regular, 60"x 30" for handicap) 
Showers: 1:8 people (36" x 36" for regular, 60"x 30" for handicap)  
Drinking Fountain: 1:100 people 
Service Sink: 1 unit (18”W) 
Additional Building Spaces 
Common Rooms:  
http://www.conncoll.edu/campus-life/residential-life/residence-hall-floor-plans/ 
1. Connecticut College (Morrisson Hall) 
a. 25' x 16' (400 sf.) (21 students on the floor) 
b. Ratio: 19 sf/person 
2. Connecticut College (Park Hall) 
a. 26' x 15'2" (393 sf.) (30 students on the floor) 
b. Ratio: 13 sf/person 
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Tech Suite Space: 
- Average dimensions at WPI Gordon Library, 10’ x 12’ 
Quiet Study Space: 
https://www.lakeforest.edu/live/files/1791-blackstonepdf 
- Open space “Study Lounge” style in floor plans  
Offices: 
- Average size on WPI campus, 10’ x 12’ 
Laundry Facility: 
- WPI Laundry Room that services freshmen students 
- Serves 725 total students [255 (Daniels) + 290 (Morgan) + 180 (Riley)] 
- 16 Washers and 16 Dryers 
- Ratio: 1 Machine/46 students 
Health Services Office: 
- Interview conducted with WPI Health Services Office 
- Current Design: 
o 2 toilets 
o 2 offices 
o Waiting room 
o 2 labs 
o 1 nurse station 
o 4 exam rooms 
o 1 break room 
- Desired Design: 
o 3 handicap/unisex toilets 
o 6 exam rooms 
o 1 break room 
o Secretary space 
o Massage/wellness room 
o 2 private rooms 
o 4 offices 
o More lab space 
o Conference room 
o Storage room 
o Lobby space, open, good flow of people 
o Split admin from work space 
Bike Storage Room: 
http://www.cora.com/images/archetecturaldesign.gif 
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- 8 bikes stored within 75”, using just racks 
Lobby: 
http://www.sfasu.edu/reslife/documents/Steen_Floor_Plan.pdf 
http://housing.unc.edu/sites/housing.unc.edu/files/Morrison%201st%20Floor%20Plan_0.pdf 
- Designs for lobby and open space 
Conference Room: 
http://www.ambiencedore.com/collection/conference-planning.php 
- Conference Room should fit 8 -12 people 
- Option 1: 19'4" x 13'4" (257.7 sf) 
- Option 2: 21'4" x 13'4" (284.3 sf) 
- Option 3: 21'10" x 13'4" (291 sf) 
- Option 4: 19'4" x 14'2" (273.8 sf) 
- Option 5: 21'4" x 14'2" (302.2 sf) 
- Option 6: 22'4" x 14'2" (316.3 sf) 
Classrooms: 
http://library.uoregon.edu/tools/classrooms/101LLC 
- University of Oregon 
- Room 101 
- Occupancy: 157 People 
- Room Dimension 35.75' x 71.71' (2563.6 sf.) 
http://library.uoregon.edu/tools/classrooms/101LLC 
- University of Oregon 
- Room 123 
- Occupancy: 39 
- Room Dimension 34.42' x 22.83' (785.8 sf.) 
http://library.uoregon.edu/tools/classrooms/125LLC 
- University of Oregon 
- Room 125 
- Occupancy: 39 
- Room Dimension 33.92' x 22.42' (760.49 sf.) 
Maintenance Closet:  
- 12' x 4' from existing Stoddard Complex floorplans 
Stairwells:  
- Landings, width, rise and run, how many stairs, emergency purposes, railing, clearance 
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- Stairway Width: X > 1.5 m, 48" clear width between handrails for it to be considered an            
accessible means of egress. 
- Indoor Stairs: .12m < X < .18m (Riser) & .28m < X < .35m (Tread) 
- Outdoor Stairs: X < .15m (Riser) & X > .3m (Tread) 
- Level provided every 2.5m 
- Length: X > 1.2m 
- Nosing (Edge of the stairs) 
o Should not be sharp 
o Should not extend more and 40mm 
- Handrails 
o Installed both sides 
o Stairways longer than 3m should have one or more intermediate handrails 
o Handrail distance apart: .9m – 1.4m 
o Handrail extension: .3m - .45m 
- Tactile Marking 
o Indicators and top and bottom of the stairs 
Elevator: 
http://www.mass.gov/eopss/docs/dps/elevator/inf-elevator/524-cmr-dec-21-2012-rev-a.pdf 
-  Accommodate 54" by 84", total units, depending on weight capacity 
Electrical Rooms: 
- Based on existing Stoddard Complex floorplans 
- Minimum 6'10” shallow closets 24" deep x 8.5'wide 
Mechanical Rooms: 
- Based on existing Stoddard Complex floorplans and other WPI Residence Halls 
- 12' ceiling height minimum requirement 
Communication Rooms: 
http://www.conncoll.edu/campus-life/residential-life/residence-hall-floor-plans/ 
- Hamilton 8'8"x 6' 
- Vestibules: 70" between doors 
- Doors/Entryways: 32"-48" clear width, minimum 80" height 
- Corridors: 44" width, Accessibility 
-  
c) Typical relationships of spaces for these function: 
http://publicecodes.cyberregs.com/icod/ibc/2012/icod_ibc_2012_10_sec016.htm 
- Length of Dead end corridors shall not exceed 50ft 
- Maximum distance to an exit 250ft 
- Maximum Common Path of Egress distance 100ft 
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- Electrical and communication rooms need to be vertically stacked, accessed from a public area.  
e) Typical cost per square foot for this building type:  
Two similar WPI residence hall projects 
- East Hall (2008): $38,885,191 
- Faraday Hall (2013): $36,988,000 
f) Typical site requirements for the project type: 
- Look at building codes 
- Look at slope of site 
- Neighborhood relations 
- Topography range: Right Side: 552-520 Left Side: 560-530 
g) Regional issues that might alter the accuracy of the data above in the case of this project: 
- Massachusetts specifics to building code 
- Weather variables 
h) Technical, mechanical, electrical, security, or other issues unique to the project type: 
- Residence hall security issues 
o ID scan access 
o Residential sectors and public sectors 
2) Establish Goals and Objectives: 
a) Organizational Goals 
Living learning community with large common areas and study sections.  Also provide classrooms and 
offices for professors and teaching aids. Provide health services, laundry, and other auxiliary space in 
addition to these added amenities.  
b) Form and Image Goals 
The basement floors will consist of laundry, health services, classrooms, offices, conference rooms, and 
study areas. The three upper floors will be considered the residential floors. These areas will have 
residential rooms, bathrooms, common rooms, computer labs tech suites, and quiet study space. 
c) Function Goals 
Provide a spacious living learning community within the residence hall to improve the experience for all 
first-year students. This space will provide WPI with more housing space for future expansion needs.  
Reach 70% of students on campus. LEED certified building. Provide health services and laundry for the 
residence.  
d) Economic Goals 
Stay within budget, research methods and materials of construction to create most cost effective design 
and building. 
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e) Time Goals 
Have the building ready to open in one academic summer or without affecting the freshmen experience. 
f) Management Goals 
Maximize longevity of the materials in the building. Create a building that will achieve LEED Certification, 
and being conscious of O&M costs. 
3) Gather Relevant Information: 
a) Facility users, activities, and schedules: who is doing what, how many people are doing each 
activity, and when are they doing it? 
- Students, WPI staff and faculty (professor, TAs, PLAs, Graduate and PHD students, health 
services, facilities) 
b) What equipment is necessary for activities to function properly? What is the size of the equipment? 
- Residential rooms 
o Bed, desk, drawers, closet 
- Bathrooms 
o Plumbing fixtures 
- Common Rooms 
o Couches 
o Tables 
o Chairs 
o TV 
- Quiet Study Space 
o Tables 
o Chairs 
- Tech Suites 
o Conference style table 
o Chairs 
o Computer 
- Computer Labs 
o Tables  
o Chairs 
o Computers 
- Classrooms 
o Tables  
o Chairs 
- Lecture Halls 
o Tables  
o Chairs 
- Laundry Facilities 
o Washers and dryers 
- Health Services Offices 
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o All existing equipment 
o Additional equipment 
- Offices 
o Desk 
o Chairs 
o Filing Cabinets 
- Conference Rooms 
o Conference style table 
o Chairs 
- Lobby Space 
o Couches  
o Tables 
o Chairs 
- Lounges 
o Couches 
o Tables 
o Chairs 
o TV 
- Bicycle Storage Space 
o Bicycle racks 
- Maintenance Closets 
o Maintenance equipment 
- Electrical Rooms 
o Electrical equipment 
- Mechanical Rooms 
o Mechanical equipment 
o Water heater 
o Heating/cooling system 
c) What aspects of the project need to be projected into the future? What is the history of growth of 
each aspect that requires projection? 
- One of the advantages to our potential design is that the interior can be easily renovated in 
order to accommodate the needs of WPI in the future. For example, if the school is looking to 
increase the amount of students, they can easily renovate the interior since the major load 
bearing columns will be on the exterior of the building. 
o This would allow more students on campus 
o Come closer to the 70% of students on campus 
d) What are the space criteria (sf. per person or unit) for the functions to take place? 
- Compare study spaces to other spaces on campus. For example, we can look at current common 
room space not only in Stoddard but in the other residence halls. Also, look at other study 
spaces currently available to help determine the sizes of rooms and other areas throughout our 
new design. 
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- Certain rooms will have different requirements, for example, the emphasis of the design is on a 
living learning community, meaning that communal space is plentiful. Therefore, when the 
average square area of common rooms is determined, the goal will be to exceed this value and 
provide ample common room space to residents. 
e) What other design criteria may affect architectural programming: access to daylight, acoustics, 
accessibility, campus/area design guidelines, historic preservation, etc.? 
- Handicap Accessibility 
- Fit in with the look of the rest of the campus buildings (the brick/New England college look) 
- Living Learning Community- study/social space needed to go with adequate living space 
- Soundproofing (Precast has very good soundproofing) 
- Maintain required distance from other building 
g) What are the energy usage and requirements? 
- LEED Certification- creating a design that is able to attain certification 
- https://www.nationalgridus.com/non_html/shared_energyeff_college.pdf  
- For college universities regarding maintaining energy costs 
o Includes information about: 
 Reflective Roofing 
 Efficient Water Use and Heating Systems 
 Efficient Lighting Upgrades 
h) Site analysis: the site is always a major aspect of the design problem and therefore should be 
included in the program. Site analysis components that often affect design include: 
- Legal description 
- Zoning, design guidelines, and deed restrictions and requirements 
- Traffic (bus, automobile, and pedestrian) considerations) 
- Utility availability ( a potentially high cost item) 
- Topography 
- Views 
- Built features 
- Climate 
- Vegetation and wildlife 
i) Client's existing facility as a resource 
- If the client is already participating in the activities to be housed in the new facility, it may be 
possible to make use of information at hand. Determine if the existing facility is satisfactory or 
obsolete as a resource. 
- If a floor plan exists, do a square foot take-off of the areas for various functions. Determine the 
building efficiency (the ratio of existing net-to-gross area). This ratio is useful in establishing the 
building efficiency target for the new facility.  
- If the client is a repeat builder (school districts, public library, public office building, etc.), obtain 
plans and do area take-offs; determine typical building efficiencies.  
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- Use the existing square footages for comparison when you propose future amounts of space. 
People can relate to what they already have. (See illustration above in Step 5, Determine 
quantitative requirements.)  
4) Identify Strategies 
-  Centralization and decentralization:  
o Common rooms and bathrooms will be centralized on the residential floors. Study areas 
and extra amenities can be segregated, which may be preferable for noise concerns. On 
the basement floors, the office areas should have an open lobby and lounges and study 
areas for waiting students, as well as centralized bathrooms. 
- Flexibility:  
o There is no immediate change required for the building design. The element of flexibility 
is in the adaptable interior walls, for long-term changes. 
- Flow:  
o Bubble diagrams can be used to show flow. Rooms and centralized areas should be 
connected by one, main hallway. 
- Priorities and phasing:  
o The most important part of the project are the three residential floors. The basement 
floors could be completed later, however it is not preferable.  
- Levels of access: 
o This project has added levels of security due to being a college campus residence hall. 
The top three residential floors are meant for residents only. All entrances to these 
floors will be guarded with ID card swipe access. 
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Appendix C: Health Services Interview 
11/6/14 Health Services Interview  Ms. Regina Roberto – Director of Health Services 
Building Access: 
 
 Current location is removed from campus, especial as it continues to expand toward gateway. 
 Need to provide handicap access. 
 Flow in and out of the building. How can people come and go effectively, particularly during 
large immunization events.  
 
Space Needs: 
 
 Currently have 4 exam rooms. 13 staff, serve over 4,000 students a year. At or beyond capacity. 
 Space for computer, copier, other office equipment 
 Break room, space for stove/refrigerator etc.  
 Unisex bathrooms 
 
 
 1 to 2 more exam rooms are needed. 
 Space for a massage and wellness room 
 Private area for students with chronic needs. 
 Office for a health educator and medical residents. 
 Space for spiritual health. 
 Larger Lab space 
 Large meeting/conference space 
 Need more storage space, need to store wheelchairs among other medical supplies. 
 
Design Considerations: 
 
 Desire more open space, less boxy 
 Found that splitting administrative space from workspace works well.  
 Smaller waiting room. Ideally quickly allow people to get in. 
 
Need a logical flow through the space. Maintain privacy and allow people to effectively move through 
the space. Currently the space is confined and maze like.  
 
 
Other: 
 
 Sound issues, noise travels through the space. Need to maintain privacy. 
 Ventilation and HVAC. Ideally have better control over the environment. 
 Internet, need good connection, moving to paperless operation. 
Should have a backup generator. 
  
  
159 
 
Appendix D: Gravity Load Calculations 
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Appendix E: Floor Beam Structural Calculations 
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Sample Prestressed Double-T Beam Excel Sheat 
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Appendix F: Lateral Load Calculations 
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Seismic Load Excel Spreadsheet 
snow load 8.47 0 0 0 0 0 
Live Load 5 25 25 25 25 25 
Dead Load 45 89.5 89.5 89.5 89.5 89.5 
Beam Self Weight 1548.35 2152.77 2152.77 1069.53 1069.53 0 
Wall Self Weight 0 988.2 988.2 988.2 426.6 426.6 
Concrete Diaphrame 939 313 313 491.4 149.2 447.6 Total 
Story Height 12 12 12 12 12 0 60 
Total Area  25040 25040 25040 25040 11936 11936  
        
Total Weight (kips) 3951.44 6321.05 6321.05 5416.21 3012.00 -  
      Total (kips) 25021.75 
Wxh (cumulative) 300261 252843.7 176991.1 101138.5 36144.02 867378.466  
 0.346 0.292 0.204 0.117 0.042   
Cs 0.08 
Vs 2001.4 
 
Fxb 83.41 
Fx1 233.41 
Fx2 408.46 
Fx3 583.51 
Fxr 692.94 
Total 2001.74 
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Appendix G: Load Bearing Wall Structural Calculations 
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Appendix H: Shear Wall Structural Calculations 
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Appendix I: Diaphragm Structural Calculations 
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Appendix J: Foundation Structural Calculations 
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Appendix K: Cost and Duration Preliminary Calculations 
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Appendix L: Precast Concrete Cost & Duration Calculations 
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Appendix M: Total Cost and Duration Calculation Results 
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